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ABSTRACT 

This report descr ibes  a computer program f o r  evaluating rad ia t ion  
from an axisynmetric gas body with water vapor, carbon dioxide,  carbon 
monoxide, and s o l i d  carbon p a r t i c l e s  as r ad ia t ing  cons t i t uen t s ,  and 
hydrogen as a non-radiating cons t i tuent .  The program uses band-averaged 
absorpt ion coe f f i c i en t s  with the Curtis-Godson method of approximating 
hhamgenaoua gaa proper t ies .  This program provides a convenient method 
of evaluating a great many problems of r a d i a t i o n  from rocket  exhaust 
plumes, but  ava i l ab le  theory is s a n e w h a t  l imited by simplificatioas in 
the  geometry and input  of the program. 
formulated t o  remove these r e s t r i c t i o n s .  

Amore advanced program is being 
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A GENERAL PROGRAM FOR THE CALCULATION OF RADIATION FROM AN 
INHfJMOG'ENEOUS, NONISOBARIC, NONISOTHERMAL ROCKET EXHAUST PLUME 

SUMMARY 

This r e p o r t  descr ibes  a computer program f o r  eva lua t ing  r a d i a t i o n  
from an  axisymmetric gas body with water vapor, carbon dioxide,  carbon 
monoxide, and s o l i d  carbon p a r t i c l e s  as r a d i a t i n g  cons t i t uen t s ,  and 
hydrogen as a non-radiating cons t i tuent .  The program uses band-averaged 
absorp t ion  coe f f i c i en t s  wi th  the Curtis-Godson method of approximating 
inhomogeneous gas p rope r t i e s .  This program provides a convenient method 
of evalua t ing  a g r e a t  many problems of r a d i a t i o n  from rocket  exhaust 
plumes, bu t  a v a i l a b l e  theory is somewhat l imi ted  by s impl i f i ca t ions  i n  
the  geometry and input  of the  program. 
formulated t o  remove these r e s t r i c t i o n s .  

A more advanced program is being 

I. INTRODUCTION 

The phenomenon of launch veh ic l e  base hea t ing  r g s u l t s  from convec- 
tive h e a t  t r a n s f e r  from exhaust gas r e c i r c u l a t i o n  due t o  plume impinge- 
ment and from r a d i a t i o n  from the exhaust flow f i e l d  i t s e l f .  Considerable 
e f f o r t  i n  the p a s t  has resu l ted  i n  adequate methods of p red ic t ing  convec- 
t i v e  hea t ing  f o r  design purposes, but  because of the  extreme d i f f i c u l t y  
of s imulat ing the  r a d i a t i o n  phenomena on a model t e s t ,  no adequate experi-  
mental method y e t  e x i s t s  fo r  determining r a d i a t i v e  base hea t ing  r a t e s .  

This repor t  ou t l i nes  a general procedure f o r  ca l cu la t ing  r a d i a t i o n  
from a s i n g l e ,  nonisothermal, nonisobaric,  inhomogeneous, multi-component 
exhaust plume. A computer program f o r  performing the  necessa r i ly  arduous 
ca l cu la t ions  is presented,  and the  details necessary f o r  its u t i l i z a t i o n  
a r e  documented. 

The purpose of t h i s  repor t  is t o  make a v a i l a b l e  t o  in t e re s t ed  parties 
the  method and computer program. No a t t e m p t  is made t o  de r ive  the r e l a -  
t ionships  used o r  t o  j u s t i f y  the assumptions made. E m p h a s i s  is placed on 
making the program immediately usable  t o  the  reader  and on r e l a t i n g  the 
mechanics of the program t o  the equat ions used f o r  the  so lu t ion .  



This r e p o r t  should a l sn  sake a v a i l a b l e  t o  a l a r g e  number of people 
It is  believed a general  method f o r  ana'lyzing exhaust plume r a d i a t i o n .  

that the present  method presents  a s i g n i f i c a n t  s t e p  forward i n  the  under- 
standing of inhomogeneous r a d i a t i v e  hea t  t r a n s f e r .  

. 
11. FLOW FIETA GENERATION 

To evaluate  r a d i a t i o n  heating from rocket  exhaust plumes , two 
d i s t i n c t  operations must be performed: f i r s t ,  the  flow f i e l d  downstream 
of the rocket  motors m u s t  be predicted,  and second, the general  problem 
of r a d i a t i v e  t r ans fe r  from inhomogeneous gas volumes mus t be resolved . 
I n  t h i s  s e c t i o n ,  the generat ion of the flow f i e l d  i s  discussed. This 
r epor t  l i m i t s  the discussion t o  s i n g l e  exhaust plumes; the flow f i e l d  
from c lus t e red  rocket motors is considerably more complex and w i l l  be 
t r ea t ed  a t  length i n  a fu tu re  r epor t .  . 

The r a d i a t i o n  ca l cu la t ion  requires  a knowledge of the temperature, 
dens i ty ,  and concentration of each r a d i a t i n g  cons t i t uen t  a t  var ious 
locat ions i n  the flow f i e l d .  Since the flow f i e l d  is assumed t o  vary 
l i n e a r l y  i n  a l l  propert ies  between input po in t s ,  the more points  that 
a r e  input ,  the more accurate  the ca l cu la t ion .  On the o the r  hand, h a r d -  
ware requirements ( i . e . ,  computer s to rage )  put a s t r i n g e n t  upper  l i m i t  
on the number of points  that can be input .  By judicious choice of the 
points ,  i t  i s  believed that any flow f i e l d  can be adequately described 
i n  the e x i s t i n g  program. 

The method of flow f i e l d  generation is  l e f t  t o  t he  option of the 
user.  I n  the o r ig ina l  app l i ca t ion ,  a real gas method of c h a r a c t e r i s t i c s  
program, described in  reference 1, was used. This program uses thermo- 
chemical da t a  t o  p red ic t  concentrations of the var ious r a d i a t i n g  species  
fo r  e i t h e r  equilibrium or frozen flow. This program gives a reasonable 
desc r ip t ion  of the high a l t i t u d e  exhaust plumes. As  explained l a t e r ,  
the radiance ca l cu la t ion  r equ i r e s  input  i n  the form of r a d i a l  property 
data  a t  var ious a x i a l  dis tances  downstream. The ordinary method of 
c h a r a c t e r i s t i c s  output format i s  not compatible with t h i s  form of input 
s i n c e  the da ta  a re  usual ly  pr inted a t  unevenly spaced  points  along 
c h a r a c t e r i s t i c  l i n e s .  An advantage of the program i n  reference 1 is 
that a r o u t i n e  has been w r i t t e n  f o r  i t  which i n t e r p o l a t e s  i n  the charac- 
t e r i s t i c ' s  output and wr i t e s  a tape completely compatible with the input  
format of the radiance ca l cu la t ion .  

It has a l ready been mentioned that the concentration of each r ad ia -  
t i n g  cons t i t uen t  must be spec i f i ed  f o r  t he  radiance ca l cu la t ion .  Since 
no accu ra t e  theo re t i ca l  methods ye t  e x i s t  f o r  ca l cu la t ing  the carbon 
concentrat ion,  empirical data  m u s t  be used. An input  card i n  the r a d i -  
ance ca l cu la t ion  i t s e l f  allows the inclusion of a constant  carbon 
concentration. 
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111. RADIANCE EQUATIONS 

As s t a t e d  i n  the introduct ion,  t h i s  r epor t  is not intended t o  be 
a r igorous de r iva t ion  of the  radiance equations.  Rather, it is intended 
t o  appeal  t o  the reader's physical i n t u i t i o n  and t o  a c t  as an introduc- 
t i o n  t o  the bas i c  equations used i n  the radiance program. 
uses the band model representa t ion  and absorpt ion coe f f i c i en t s  described 
i n  references 2 through 4. 

The method 

The quant i ty  

P% I b v  dS 

is the r ad ian t  i n t e n s i t y  emitted by an  element of length  "dS." 
energy passes through an intervening l aye r  of gas of thickness "S," it  
is decreased by the transmittance 

I f  t h i s  

r" 
'J ppv 

T ( Y , S )  = eo 

dS' 

If the r a d i a t i o n  ia col lec ted  from elements located along a l i n e  of 
s i g h t ,  then the r ad ian t  i n t ens i ty  received by a plane n o m 1  t o  the  
l i n e  of s i g h t  would be 

S 

0 

where Sm is the t o t a l  l ength  of the  l i n e  of s igh t .  

The spectral f l u x  received by an a rea  not  normal t o  the su r face  
f r a n  a number of l i n e s  of s i g h t  occupying a s o l i d  angle  of w is 

S 
n 

cos e dS dw, (4) 
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where e is  the  va r i ab le  angle formed by each l i n e  of s i g h t  and the  
normal t o  the  plane receiving the r a d i a t i o n .  
a l l  w r i t t e n  f o r  a s i n g l e  wave number v equal t o  1 / A .  
var ious wave numbers gives 

Equations (1) t o  (4) a r e  
I n t e g r a t i n g  Over 

S 
P 

and the  introduct ion of 

t o  allow in t eg ra t ion  Over the sphe r i ca l  angles @ a n d  0 instead of the 
s o l i d  angle do yields  

S 
r, 

J PP, d s '  
cos e s i n  e dS d v  de dg.  (7) 

A .  

This equation may be r e w r i t t e n  i n  f i n i t e  sum form as 

The transmittance ;(v,S) is  a n  average over the wave number i n t e r v a l  Av. 

The evaluation of ; (v ,S)  is based p r i n c i p a l l y  on two s p e c i a l  spectro-  
scopic  concepts: (1) the molecular band model, and (2) a modified C u r t i s -  
Godson approximation. The band model, which uses as input  data the 
averaged l i n e  s t r eng th ,  the averaged l i n e  spacing, and the averaged l i n e  
half-width,  is a random band model withman exponential  i n t e n s i t y  d i s t r i -  
bution. The band model y i e l d s  a n  expression f o r  the molecular r a d i a t i o n  
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with in  each se lec ted  spec t r a l  region of i n t e r e s t .  
e t e r s  have been de temined  for  wave number i n t e r v a l s  ranging from 5 t o  
25 ano1 depending on the gaseous spec ies  considered. 
model is c r i t i c a l l y  important f o r  practical ca lcu la t ions  of gas rad ia t ion .  

The band model param- 

The use of a band 

The Curtis-Godson approximation is a method of pred ic t ing  the trans- 
mittance of inhomogeneous bases by combining the  parameters that appear  
i n  the band model formulas i n  such a way that the parameters need be 
determined only f o r  homogeneous gases.  Without the Curtis-Godson, o r  
some equal ly  good approximation, one would have t o  t r e a t  each inhomo- 
geneous gas path as a spec ia l  case. 

Combining the  band model parameters with the Curtis-Godson approxi- 
mation, the t ransmiss iv i ty  is 

0 

where the  o p t i c a l  depth,  D, taking i n t o  account both Doppler and col- 
lision broadening is given by 

S 

-lF1’y’2 
(10) 

0 

0 0 

0 

The incremental o p t i c a l  depth f o r  the j u s t  overlapping l i n e  approxima- 
t i o n  is 

For c o l l  ision-broadened 1 ines , 

0 

S ’ -  1 1 2 F  
0 

0 0 



and f o r  Doppler-broadened l i n e s ,  the o p t i c a l  depth is 

0 

S - 
0 ) '  

L 
0 

Subsequent sect  ions 

0 

+ (- \ 

.589(, L 
0 

d 
0 

r'*. 
F 

of t h i s  r e p o r t  w i l l  r e f e r  t o  the above equations 
used i n  the radiance ca l cu la t ion .  

I V .  DESCRIPTION OF GEOMETRY 

To numerically evaluate  the h e a t  f l u x  t o  a u n i t  area ( i . e . ,  per- 
form the sununations of equation (8)), it  is  necessary to-geometr ical ly  
r e l a t e  the point  a r ea  receiving the r a d i a t i o n  (he rea f t e r  ca l l ed  the  
"point of i n t e re s t "  i n  a "plane of i n t e re s t " )  t o  the flow f i e l d  and t o  
other  ob jec t s  which may occlude the incoming r a d i a t i o n .  As a preliminary,  
i t  is useful t o  consider the generalized "picture" that the computer "sees" 
a f t e r  the input  d a t a  have been read. The machine knows there  is a gas 
body whose dimensions and propert ies  have been described; it has received 
the loca t ion  and the i n c l i n a t i o n  of the plane of i n t e r e s t ;  i t  knows the 
limits of the volume of space from which the point  is  t o  receive radia- 
t i on ;  and i t  knows the locat ions and s i z e s  of the var ious s o l i d  occlu- 
s ions  i n  the surrounding area.  

The p r i m a r y  coordinate system is a 3-D Cartesian coordinate system. 
The Z-axis is the a x i s  of symmetry of the gas ,  and the X-Y plane is  
located a t  an a r b i t r a r y  d i s t ance  above or below the gas as shown i n  
f i g u r e  1. The point of i n t e r e s t  is located s p a t i a l l y  by i ts  coordin- 
a tes ,  and by the i n c l i n a t i o n  of the plane with r e spec t  t o  the X-Y plane. 
To s implify the  geometry of the program, the Y-coordinate is taken as 
0 s o  that the point of i n t e r e s t  is always i n  the X-Z plane; the plane 
containing the point of i n t e r e s t  must be normal t o  the X-Z plane. 

The i n c l i n a t i o n  angle  of the plane of i n t e r e s t  is 0 when the  
normal is p a r a l l e l  t o  the Z-axis and pointed i n  a p o s i t i v e  Z d i r e c t i o n .  
The i n c l i n a t i o n  angle is  measured away from t h i s  pos i t i on  s o  that posi-  
t i v e  angles represent  planes t i t l e d  such that the normal i n t e r s e c t s  t he  
Z-axis above the point  of i n t e r e s t  as shown i n  f i g u r e  2.  

6 



The in t eg ra t ion  of the r ad ia t ion  is ca r r i ed  out  over a sphe r i ca l  
coordinate system located a t  the poin t  of i n t e r e s t  a s  shown i n  f igu re  3. 
The azimuthal angle  8 is measured from the normal which is looking out- 
ward from the surface.  
clockwise on the plane of i n t e r e s t  looking from the e = 0 d i r ec t ion .  
It is apparent t h a t  l e t t i n g  e vary f r a n  0" t o  90" and l e t t i n g  P, vary 
from 0" t o  360" encompasses the e n t i r e  volume above the plane of 
i n t e r e s t .  This is sketched i n  f i g u r e  4. 

The longi tudina l  angle  P, is measured counter- 

Two examples should s u f f i c e  t o  f i x  these concepts i n  mind. Con- 
s i d e r  f i r s t  a cy l inder  of gas a s  shown i n  f igu re  5 .  It is desired t o  
c a l c u l a t e  the r a d i a t i o n  incident  on the plane of i n t e r e s t ,  which i n  t h i s  
case is the  sur face  of a truncated cone as sham.  The values  bf 8 and JZ 
necessary t o  accomplish t h i s  appear i n  the f igure .  Notice that it  would 
be poss ib le  t o  scan the e n t i r e  space above the  gas s i n c e  the  machine 
assumes 0 property d a t a  where d a t a  a r e  not  input .  
approach would r e s u l t  in needless expenditure of time, it  is re j ec t ed  
i n  favor  of the more e f f i c i e n t  approach. 

However, s i n c e  t h i s  

The second example ( f igure  6 )  i l l u s t r a t e s  an advanced use  of the  
program incorgorat iug both the occlusion c a p a b i l i t y  and the angular  
cont ro l  f ea tu re .  I n  t h i s  case,  a complex occlusion e x i s t s  between the 
poin t  of i n t e r e s t  and the gas body. Because of t h e  occlusion capab i l i t y ,  
however, it is not necessary to  a t t empt  t o  cont ro l  the spatial volume of 
i n t eg ra t ion  with the angular  cont ro l  fea ture .  

With the s p e c i f i c a t i o n  of the  above geometrical  input ,  the problem 
is defined f o r  the computer, which now has a complete p i c t u r e  of the 
three-dimensional space i n  d i c h  it is t o  make the ca lcu la t ion .  The 
geometry s p e c i f i c a t i o n  is intended t o  be general  enough t o  allow the  
ana lys i s  of a wide  v a r i e t y  of problems. 

v. 0ccLus1oN CAPABILITY 

As s t a t e d  above, the ccmputer program, i n  add i t ion  t o  loca t ing  
the  gas volume and plane of i n t e r e s t ,  a l s o  loca tes  i n  space those 
objec ts  which might occlude sme of the incoming r a d i a t i o n  (i.e., cast 
a shadow Over the plane of i n t e r e s t ) .  

Two r e s t r i c t i o n s  a r e  placed on the  type of obs t ruc t ions  that may 
be considered: f i r s t ,  they must be axisynmetric,  and second, they must 
have t h e i r  axes p a r a l l e l  t o  the Z-axis. Each occlusion is described by 
a s e r i e s  of "blocking c i r c l e s "  whose centers  l i e  on the a x i s  of the 
obs t ruc t ion  and whose r a d i i  a r e  the r a d i i  of t he  obs t ruc t ion  a t  that 
he ight  on the obs t ruc t ion  axis. 
an  i d e n t i f i c a t i o n  as e i t h e r  a "disk" or  a "hole." The d i f f e rence  is 

Further ,  each blocking c i r c l e  is given 
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that a l i n e  of s i g h t  from the po in t  of i n t e r e s t  that s t r i k e s  a d i s k  is  
considered t o  be occluded while a l i n e  which s t r i k e s  a hole is  not .  I n  
add i t ion ,  l i n e s  that are no t  w i th in  a hole  are considered t o  be occluded. 
As an example, consider the obs t ruc t ion  sketched i n  f i g u r e  7. For the 
l i n e  of s i g h t  from po in t  "A," four blocking circles adequately desc r ibe  
the  obstruct ion.  Notice, however, that i f  the po in t  of i n t e r e s t  i s  a t  
''B,'' a d d i t i o n a l  c i r c l e s  a r e  necessary. This i l l u s t r a t e s  that some ca re  
m u s t  be taken i n  using t h i s  blockage capab i l i t y .  

As a f u r t h e r  example, consider the obs t ruc t ion  i n  f i g u r e  8.  This 
type of obstruct ion cannot be analyzed i n  a s i n g l e  r a d i a t i o n  c a l c u l a t i o n  
because of the assumption that any hole  is located i n  a n  i n f i n i t e  plane. 
The d e s i r e d  ca l cu la t ion ,  however, may be achieved by adding the resul ts  
of two runs.  The f i r s t  run uses only the disks  t o  c a l c u l a t e  the radia- 
t i o n  not blocked by the s o l i d  obs t ruc t ion  which has no hole .  The second 
run uses only the holes t o  c a l c u l a t e  the r a d i a t i o n  coming through the 
hole.  

&e following i s  a step-by-step discussion of the computer procedure 
i n  analyzing the configurat ion shown i n  f i g u r e  9. This configurat ion is  
a t y p i c a l  m i s s i l e  base region with an a f t  s k i r t .  

I n  general ,  when a l i n e  of s i g h t  is  s e l e c t e d ,  i t  has a c e r t a i n  
spec i f i ed  maximum length; i . e . ,  i t  is terminated on a sphere centered 
a t  the point  of i n t e r e s t .  It is then t e s t ed  by the following procedure: 

1. Using the d i r e c t i o n  cosines of the l i n e ,  the Z-coordinate 
of the f i r s t  blocking c i r c l e ,  and the Z-coordinate of the point  of i n t e r -  
e s t ,  c a l c u l a t e  the d i s t ance  D 1  f o r  the f i r s t  c i r c l e .  

2. Check the f l a g  f o r  the f irst  blocking c i r c l e .  In  t h i s  case,  
the f l a g  designates the f i r s t  c i r c l e  as a d i sk  s i n c e  t h i s  c i rc le  is  used 
t o  descr ibe the nozzle. 

3. Now examine Line 1-2-3. Point 3 is the  po in t  of i n t e r sec -  
t i o n  of the l i n e  and  the  plane of the blocking c i r c l e .  D 1  is the r a d i a l  
d i s t ance  from Point 3 t o  t he  Z-axis ( i n  t h i s  case t o  the po in t  Z = 0) .  
Now t e s t  t o  s e e  i f  Point  3 is  within the blocking c i r c l e  of radius  rl; 
i . e .  , i s  D 1  g rea t e r  than, equal t o ,  or less than r,? For t h i s  case 
D1 > r l  which indicates  that the l i n e  is  not  blocked by t h i s  disk.  

4 .  Repeat the same process f o r  each of the blocking circles,  
r2  through r6, with a new f l a g  being read and a new value of D 1  being 
calculated each time, Each of these t e s t s  shows non-occlusion, as is 
e a s i l y  seen i n  the i l l u s t r a t i o n ,  f i g u r e  6. 
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The f l a g  f o r  c i r c l e  7 i nd ica t e s  a hole  s ince  t h i s  c i r c l e  
descr ibes  the vehic le  s k i r t .  Point  2 is the  i n t e r s e c t i o n  of the  l i n e  
of s i g h t  with the plane of this  c i r c l e .  For t h i s  c i r c l e ,  D 1  is the  
radial d i s t ance  from Point  2 t o  the  Z-axis. 

5 .  Again t e s t :  Is D1 g r e a t e r  than, equal t o ,  o r  l e s s  than r7? 
Since Dl > r7 t h i s  means that Poin t  2 lies outs ide  the radius  of t he  
s k i r t ,  which i n  turn  means the l i n e  of s i g h t  has penetrated the  s k i r t  and 
is therefore  occluded. For t h i s  l i n e  the in t eg ra t ion  w i l l  be terminated 
a t  Point  2; i.e., DMIN is the d i s t ance  from Point  1 t o  Point  2. 

6 .  Refer now t o  Line 4-5-6-7. The f l a g  f o r  the f i r s t  blocking 
c i r c l e  aga in  s p e c i f i e s  a d i s k .  Point  7 is the poin t  of i n t e r s e c t i o n  of 
the  l i n e  of s i g h t  and the plane of  t h i s  c i r c l e .  For t h i s  case, D 1  is 
the  d i s t ance  from Point  7 t o  the poin t  Z = 0. 
is a d i s k  and D 1  < rl, t h i s  ind ica tes  that the l i n e  is occluded. This 
may not ,  however, be the point of occlusion c l o s e s t  t o  the poin t  of 
i n t e r e s t ;  t he re fo re ,  t he  next blocking c i r c l e  r2 must be t e s t ed  i n  a 
s i m i l a r  manner w i t h  D 1  the dis tance fram Point  6 t o  the Z-axis. 
the same tests aEd a l s o  referrdng to  f igu ra  6 ,  it  is e a s i l y  seen t'mt 
t h i s  c i r c l e  has also occluded the  l i n e .  

Since the blocking c i r c l e  

Using 

7. Repeat the same process f o r  Point  5 .  Since Point 5 is seen 
t o  l i e  ou t s ide  the blocking c i r c l e  r3, the l i n e  must have been occluded 
between Poin t  5 and Poin t  6. 
which could cont r ibu te  t o  the r a d i a t i v e  f l u x ,  t h i s  l i n e  is terminated 
a t  Point  6 ,  although a small segment is ins ide  the-nozz le  and unable t o  
cont r ibu te  t o  the f lux .  To be su re  t h a t  the l i n e  is not  occluded again 
a t  a poin t  nearer  the  poin t  of i n t e r e s t ,  t he  remaining blocking c i r c l e s ,  
r4 through r7, a r e  tes ted  and found not t o  occlude t h i s  l i ne .  Therefore,  
DMIN fo r  t h i s  l i n e  is the dis tance from Poin t  4 t o  Point  6. 

To be assured of including a l l  regions 

8. Refer t o  Line  8-9-10. Figure 6 c l e a r l y  shows t h i s  l i n e  t o  
be nonoccluded, bu t  it mus t  be tes ted  f o r  occlusion j u s t  as the  o ther  
l i n e s  were. Point  9 is the point of i n t e r s e c t i o n  of t h i s  l i n e  with the  
plane of the  f i r s t  blocking c i r c l e .  When t e s t ed ,  it is found t o  be out- 
s i d e  the d i s k  of radius  rl. The remaining points  of i n t e r s e c t i o n  wi th  
the c i r c l e s  a r e  tes ted .  Since the l i n e  is not  occluded by a blocking 
circle, it is assumed t o  terminate on the sphere of radius  DMAX, i . e . ,  
a t  Point  10. 

This concludes the s e r i e s  of t e s t s  f o r  the occlusion capab i l i t y .  
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V I .  PROGRAM DESCRIPTION 

The computer program performs the evaluat ion of equation (8). I n  
f i g u r e  10, a l i s t i n g  of the program is presented and a flow chart is 
shown i n  f i g u r e  11. 
cedure followed i n  the program when reading the flow f i e l d  from tape.  
Note the complex use of running sums i n  the evaluat ion.  

The following is a step-by-step l i s t i n g  of the pro- 

1. Read i n  a computer f l a g  t o  ind ica t e  i f  the flow f i e l d  is  
t o  be entered on tape o r  cards.  From the same input  card, read the 
number which s p e c i f i e s  the flow f i e l d  t o  be used and a number which is  
twice the number of cons t i t uen t s  . - 

2 .  Transfer t o  the subrout ine f o r  reading the flow f i e l d  and 
s e l e c t  e i t h e r  tape or card input.  Since the tape reading is  more com- 
plex, i t  w i l l  be described i n  d e t a i l .  

3 .  Search the flow f i e l d  tto s e l e c t  the case number which 
matches that read i n  previously.  Read the number of c o n s t i t u e n t s ,  
cons t i t uen t  names, and molecular weights l i s t e d  on the tape.  

4 .  Read i n  a s e r i e s  of s c a l e  f a c t o r s  which may be used t o  
cause the input  o r  output da t a  t o  be i n  d e s i r a b l e  u n i t s  and t o  conduct 
parametric s tud ie s  of unce r t a in t i e s  i n  the input  p rope r t i e s .  

5 .  Read i n  the names of the r a d i a t i n g  cons t i t uen t s  desired 
from the t h i r d  input card. Note that each cons t i t uen t  name cons i s t s  
of two six-character  alpha-numeric words. 

6. Search the case t o  f ind the f i r s t  cons t i t uen t  requested 
(on subsequent passes the second and t h i r d  cons t i t uen t s )  i n  s t e p  5 .  
Read from t h i s  portion of the flow f i e l d  and s t o r e  i n  memory the values 
f o r  plume radius ,  temperature, t o t a l  pressure,  and mole f r a c t i o n  f o r  
the d e s i r e d  const i tuent  a t  each 2-posit ion.  

7 .  I f  more than one cons t i t uen t  is  requested,  rewind the t a p e ,  
loop back t o  Step 3,  and continue u n t i l  a l l  desired cons t i t uen t s  have 
been read. A t  Step 6 search f o r  the next cons t i t uen t  l i s t e d  i n  the 
input .  Af t e r  the flow f i e l d  is read, the computation r e tu rns  t o  the 
main program. 

8. Scale the flow f i e l d  as required and output t he  scaled 
flow f i e l d  data, 
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I 

9. Read, s c a l e ,  and output  the absorpt ion c o e f f i c i e n t s .  I n  
s torage ,  the absorpt ion coe f f i c i en t s  a t  a number of temperatures (NKT) 
a r e  l i s t e d  with the corresponding wave number and an index number. 
The s torage  takes th;! following form: 

1 
2 

( F i r s t  c o e f f i c i e n t  f o r  H-4) 

(Last c o e f f i c i e n t  fo r  H$) 
( F i r s t  c o e f f i c i e n t  f o r  C02) 

(Last c o e f f i c i e n t  fo r  C 0 2 )  

( F i r s t  c o e f f i c i e n t  f o r  CO) 

. . 
KNNU (Last c o e f f i c i e n t  f o r  CO) 

The f i r s t  c a r d  i n  the  absorpt ion c o e f f i c i e n t  input  s p e c i f i e s  the number 
of temperatures (NKT), the number of wave numbers a t  which H f l  coe f f i c -  
i e n t s  a r e  given (NKMJ), t he  t o t a l  number of wave numbers f o r  H f l  and COB 
(I(KNu), and the t o t a l  number of wave numbers f o r  H&, C02, and CO (KNNU). 
The second card lists the  temperatures a t  which absorpt ion c o e f f i c i e n t s  
are provided. Each of the remaining cards provides a wave number and 
the coe f f i c i en t s  a t  each temperature f o r  that wave number. The absorp- 
t i o n  c o e f f i c i e n t s  are loaded sequen t i a l ly  f o r  H g ,  COa, and CO. 

10. Read, scale, and output  the  f i n e  s t r u c t u r e  parameters 
( l / d )  f o r  C02. 

11. 
each of the  gases.  

Iden t i fy  the  lower and upper values of wave number f o r  
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1 2 .  Read and output the t a b l e  descr ibing the  blocking c i rc les ,  
i . e . ,  the  coordinates X, Y ,  and Z of the center  of each c i r c l e ,  the 
radius  of the c i r c l e ,  and the f l a g  specifying the  type of blocking 
c i r c l e .  

13. Read i n  the da t a  t o  spec i fy  the po in t  of i n t e r e s t ,  i n t e -  
g r a l  limits, and other  va r i ab le s  whose values depend on the case under 
cons idera t ion. 

14. Set the i n i t i a l  and f ina l  values of e and 0. 

15. Convert the u n i t s  of the angles from degrees t o  radians.  

16. Calculate the d i r e c t i o n  cosines of the l i n e  of s i g h t  
which is  specif ied by e and gf. Using these d i r e c t i o n  cosines ,  c a l c u l a t e  
DMXN, t he  dis tance along the l i n e  of s i g h t  from the po in t  of i n t e r e s t  
(W, ZP) t o  the point a t  which the in t eg ra t ion  over S is  t o  be terminated. 
This involves the occlusion tests which were discussed previously.  

17. I n i t i a l i z e  the sununations. 

18. Calculate values f o r  DX, DY, and DZ and s e t  the i n i t i a l  
values f o r  X,  Y ,  and Z. 

19. Increment X, Y ,  and Z by the amounts DX, DY, and DZ, 
r e spec t ive ly ,  This gives the coordinates (X, Y ,  Z )  f o r  the midpoint 
of the succeeding segment, DS, of the l i n e  of s i g h t .  

20. Test the Z-coordinate of t h i s  point  t o  determine that i t  
is wi th in  the  Z-range of the flow f i e l d .  I f  the value of Z a t  t h i s  point  
is less than the value of Z i n  the f i r s t  plane of the flow f i e l d ,  t h i s  
i nd ica t e s  that the l i n e  of s i g h t  has not y e t  i n t e r sec t ed  the exhaust 
plume region. The program considers no r a d i a t i o n  con t r ibu t ion  from any 
region other  than that spec i f i ed  by the flow f i e l d ;  t he re fo re ,  the pro- 
gram re-cycles through Step 19, incrementing the l i n e  of s i g h t ,  u n t i l  the 
value of Z on the l i n e  of s i g h t  i nd ica t e s  that the l i n e  has entered the 
Z-range of the flow f i e l d .  

21. Calculate the radius  of the po in t  (X, Y,  Z )  from the Z-axis: 
RW = (X2 + Y2)’I2. 

22. Using t h e  coordinates of the po in t ,  s e l e c t  from the flow 
f i e l d  the values of t he  r ad ius ,  temperature, t o t a l  pressure,  and mole 
f r a c t i o n s  f o r  the points  surrounding the point  under considerat ion.  
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23. Although the l i n e  of s i g h t  is now i n  the Z-range of the 
flow Zield, t he  l i n e  has no t  necessa r i ly  in t e r sec t ed  the plume. 
determine i f  t h i s  po in t  is within t h e  plume by t e s t i n g  RW a g a i n s t  the 
value f o r  the plume radius at  this po in t ,  as s p e c i f i e d  by the  flow 
f i e l d .  If t h i s  tes t  shows the p o i n t  not  w i th in  the plume, t he  program 
aga in  assumes no r a d i a t i o n  from t h i s  segment and re-cycles t o  Step 19. 

Now 

24. If the po in t  is found t o  be wi th in  the  plume, the program 
i n t e r p o l a t e s  using the previously s e l e c t e d  bounding values t o  determine 
the temperature (31w) ,  t o t a l  pressure (PW), and mole f r a c t i o n s  (FW(I1)). 

25. Determine i f  a temperature s t e p  is desired.  (TINPUT > 0). 
If it is not  go t o  Step 31. 

26. Determine if the DS s t e p  is the f i rs t  s t e p  i n  a temperature 
incnement. I f  i t  is the f i r s t  s t e p  on a l i n e  of s i g h t  (TINDEX - -4), the 
program sk ips  t o  Step 31. I f  it is the  f i r s t  s t e p  i n  a temperature incre- 
ment (TINDEX = 0) ,  the program goes t o  Step 27. If it is an  i n t e r i o r  s t e p  
i n  a temperature increment (TINDEX = l), the program goes t o  Step 29. 

27. Check t o  see i f  the desired temperature change is exceeded 
on the f i r s t  DS i n  the increment. I f  i t  is exceeded, the program sk ips  
t o  Step 31. 

28. I n i t i a l i z e  property sums which w i l l  be  used t o  determine 
average p rope r t i e s  f o r  the temperature increment and go t o  Step 46 to  
increment t o  the  next po in t  on the  l i n e  of s i g h t .  

29. Check t o  determine i f  the desired temperature s t e p  has 
been reached, o r  i f  the temperature s lope  has changed. If e i t h e r  of 
these has occurred, go t o  Step 31. Otherwise, continue property sums 
and go t o  Step 46. 

30. I f  t h e  temperature s t e p  exceeds the des i r ed  value (TINPUT) 
by more than 10 percent, the l i n e  of s i g h t  d a t a  are backed up one DS 
increment. 

31. Compute average property values f o r  t h e  increment. 

32. Compare the cons t i t uen t  i d e n t i f i c a t i o n  a s soc ia t ed  w i t h  
each p a r t i a l  pressure with an i n t e r n a l  l i s t  o t  i d e n t i f y  the var ious 
p a r t i a l  pressures.  

33. Enter a loop con t ro l l i ng  the value of v (wave number). 

34. I n i t i a l i z e  DMO, which w i l l  be the mul t ip l i ed  transmissions 
of a l l  the  cons t i t uen t s .  
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40. Final ly  c a l c u l a t e  DMO (equation (10)) .  Notice that 
exp(-DMO) is the transmittance over the l i n e  of s i g h t  t o  t h i s  point  a t  
t h i s  wave length f o r  this one spec ie s .  

35. Enter a loop con t ro l l i ng  the number of the cons t i t uen t .  

36. In t e rpo la t e  f o r  the cons t i t uen t  being considered the 
absorpt ion coe f f i c i en t s  and ca l cu la t e  Tc, yD, and l / d .  

37. Calculate Planck's funct ion and the incremental absorpt ion 
F (equation (11)). 

38. Accumulate sums of (?Jd)F, (?D/d)F, and F. 

39. 
t i ons  (12) and (13)). 

Evaluate Dc and DD which a r e  a l s o  sums over length (equa- 

41. I f  more than one cons t i t uen t  i s  t o  be considered, loop 
back t o  Step 34 and continue. The value of DMO calculated a t  the end 
of t h i s  new loop is added t o  the value calculated f o r  the cons t i t uen t  
before.  When a l l  the cons t i t uen t s  have been considered, DMO is  the t o t a l  
DMO, and exp(-DMO) i s  the transmittance over the l i n e  of s i g h t  t o  t h i s  
point  a t  t h i s  wave length bu t  considering a l l  spec ie s .  

42. When a l l  species  have been considered, e x i t  the species  
loop and ca l cu la t e  the t o t a l  transmittance up t o  t h i s  po in t  a t  t h i s  
wave number. 

43. Now c a l c u l a t e  the d i f f e rence  i n  transmission between t h i s  
segment and the previous segment. This i s  done by s t o r i n g  the previous 
transmittance a t  t h i s  wave length i n  an a r r a y  GOLD(L) where L i s  con- 
t r o l l e d  by the wave number loop and s t o r i n g  the new transmit tance i n  
GNEW (L) . 

44. Using these values f o r  GOLD(L) and GNEW(L), s e t  up the 
running sum f o r  the bracketed po r t ion  of equation (8): 

SPKIDS(L) = SPKIDS(L) - I,(v) * (GNEW(L) - GOLD(L)). 

I n  the f i r s t  segment of each l i n e  of s i g h t ,  the i n i t i a l  value of t he  
term SPKIDS(L) on the r i g h t  is zero and GOLD(L) = 1. 

45. Increment v, loop back t o  Step 34, and continue. Notice 
that the temperature TW has not changed s i n c e  the same segment of the 
l i n e  of s i g h t  is under considerat ion.  This loop is  con t ro l l i ng  the wave 
length being considered. 
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46. Afte r  a l l  wave lengths  ca l led  f o r  i n  the  input  have been 
considered, e x i t  and increment S; the  l i n e  of s i g h t  length,  and loop 
back t o  S tep  19. Notice that no subsc r ip t  is kept  f o r  the  S loop (as 
L was kept i n  the  v loop).  The reason f o r  t h i s  is that running sums 
a r e  kept on S by simply adding values calculated a t  the previous S t o  
the  new values wi th in  the wave length loop. In  t h i s  way s to rage  i.s 
conserved. As an  example, a t  any S l oca t ion  SPKIDS(L) contains the 
accumulated SPKIDS(L) over the e n t i r e  l i n e  of s i g h t  up t o  S. 

47. When the end of t he  l i n e  of s i g h t  is reached, t h e  com- 
puter  has s tored  sum8 f o r  the integrand SPKIDS(L). 
is the  t o t a l  cont r ibu t ion  f ran  a l l  segments of the  l ine of s i g h t  due 
t o  a s i n g l e  wave number, These va lues ,  when mul t ip l ied  by 
s i n  8 cos 8 L@ A0 Av, a r e  s tored i n  SLIP(L) and accumulated so t h a t  
the  d i s t r i b u t i o n  of f l u x  versus wave number may be output a t  the  end 
of the problem. 

Each of these sua18 

48. The t o t a l  contr ibut ion from the l i n e  over a l l  wave numbers 
is found by adding sums of Step 47. 
t h i s  : 

A running sum is maintained f o r  

SUMl - SUM1 + SPKIDS(L). 

This gives the  t o t a l  contr ibut ion from a s i n g l e  l i n e  of s i g h t .  Since 
the l i n e  is a funct ion  of 8 and @, t h i s  sum may be represented by 
SUMl(81, @I). This is repeated f o r  each of t he  values of @ a t  t h i s  
same value f o r  9 by incrementing @ a n d  re turn ing  t o  Step 16 u n t i l  the  
f i n a l  value of @ is reached. 

49. A sum is now taken Over a l l  l i n e s  a t  constant  8 with the  
values  of @represen ted  by SuMP(91) such that 

50. The f a c t o r s  involving 8 are now included i n  the integrand 
by SUM2(8) s i n  9 cos e, and a running sum is prepared t o  accosnmodate 
a l l  values  of 8. This sum, which is output  a t  each value of 8, is 
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51. Increment 8, reset  @ a t  i t s  i n i t i a l  value,  and follow the 
procedure beginning a t  Step 16. This is repeated u n t i l  the  f i n a l  value 
of 0 is reached. 

52. When a l l  values of 0 have been used, the sum i n  Step 50 
w i l l  be 

SUM3 = SUMZ(0-J s i n  el cos e l  + sUMZ(8,) s i n  e2 cos ea  + ... . 
This sum now represents  the f l u x  from a l l  l i n e s  of s i g h t ,  evaluated a t  
a l l  wave numbers. 

53. To complete the in t eg ra t ion ,  the d i f f e r e n t i a l s  a r e  now 
included, yielding 

FLUX = SUM3 A8 L@ Av. 

54. Output FLUX. 

55. I f  the s p e c t r a l  d i s t r i b u t i o n  has been s e l e c t e d ,  compute 
the wave l eng th  and s p e c t r a l  f l u x  per u n i t  wave length,  and output the 
s p e c t r a l  data .  

56. Return t o  Step 13 t o  read da ta  f o r  the next case. Cases 
may be stacked a t  the end of the program using the e s p e c i f i c a t i o n  as 
the i n i t i a l  input card i f  i t  is  no t  necessary t o  change the f l a w  f i e l d ,  
absorpt ion c o e f f i c i e n t s ,  o r  blocking c i r c l e s .  

V I I .  FINE STRUCTURE EQUATIONS 

The f i n e  s t r u c t u r e  equations used t o  descr ibe the  c o l l i s i o n -  and 
Doppler-broadened l i n e  half-widths (yc and YD) and the l i n e  dens i ty  ( l / d )  
w i l l  be described i n  t h i s  s ec t ion .  These equations were taken from 
Model 3a of reference 3 with the exception of l / d  f o r  water vapor which 
w a s  taken from reference 6. The dimensions f o r  the equations given a r e  
centimeters f o r  yc and yD and 1/m f o r  l / d .  

A .  Broadening Half-Widths 

The equation f o r  the coll ision-broadened half-width of species  
(i) wi th  broadening gases (j) is  
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Here P is the p a r t i a l  pressure i n  atmospheres and T ts the gas tempera- 
t u r e  i n  OR. 
i n  Table I. Since the computer program was intended f o r  e x L u s t  plumes 
which are normally f u e l  r i c h  and contain no ni t rogen,  the O2 and N2 
broadening terms were not  included. These terms w i l l  be included, how- 
ever, i n  f u t u r e  improvements of the program. 

The parameters (Yij)SW, (yii)sW, * T ~ ~ ,  and 7; are l i s t e d  

The equation f o r  the Doppler-broadened half-width of a species  of 
molecular weight m is 

where the temperature is i n  OR. 

B. Line Ilensity 

The method of computing the l i n e  dens i ty  varies f o r  each of the 
three r a d i a t i n g  gases considered. For water vapor the r e l a t i o n  is 

l / d  * a*/y*, 

where a* and y* represent  e m p i r i c a l  values which a r e  defined i n  r e f e r -  
ence 6 .  The measured values  of a* were approximated by the expression 

where B(v) and C(v)  have the values 

B (VI C(V) 
(1/ OR) 

-1.5 .75926 x 
-1.366 .SO926 x loo7 
-1.62 .55556 x 
-1.77 .52160 x 
-1.96 .487654 x 

V 

(a-9 
v d 1600 

1600 < v B 2500 
2500 < v 6 4400 
4400 < v 5 5900 

v > 5900 
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The experimental values of 7" a r e  evaluated from 

1/ 2 

y* = [0.44 (w) + 0.09 (7) 491.7 ] C* + 0.044 ( 7 T I 2  491.7 (1 - c*) 

using a polynomial approximation f o r  the experimental v a r i a t i o n  i n  the 
water vapor mole f r a c t i o n ,  c*, as a funct ion of temperature. 

c* = -0.1002 + 0.15567 x lom3 T - 0.3367 x T2 + 0.49897 x T3. 

For carbon dioxide the values of l / d  a r e  tabulated as a func- 
t i o n  of wave number and temperature*and a r e  l i s t e d  i n  the sample ca l -  
cu la t ion ,  f i gu re  15. 

For carbon monoxide the . r e l a t i o n  is  similar t o  that f o r  water 
vapor. It is 

- 1 = 0.29 
(1 + e-2810. 7 / T ) 1 . 7 5  

d (1 - e-2610.7/T) Y 

where the temperature is  i n  OR. 

VIII. OPTIONS AND SPECIAL CAPABILITIES 

The computer program has seve ra l  options and special  c a p a b i l i t i e s  
which w i l l  now be described. 

A. Window Option 

To make a comparison between an experimental r a d i a t i v e  f l u x  
measurement and a t h e o r e t i c a l  f l u x  ca l cu la t ion ,  the c a l c u l a t i o n  must 
be made under a s e t  of conditions i d e n t i c a l  t o  those used i n  the meas- 
urement. To allow experimental measurements of the r a d i a t i v e  hea t  f l u x  
t o  be made, some type of measuring device,  e .g . ,  a radiometer, spectrom- 
e t e r ,  o r  calorimeter,  i s  i n s t a l l e d  with i t s  d e t e c t o r  coincident  w i th  the  
point  of i n t e r e s t .  Each of these instruments contains a "window" through 
which the r a d i a t i o n  must pass before  it  reaches the de t ec t ion  device. 
This window, which is i n  f r o n t  of the point  of i n t e r e s t ,  w i l l  thus l i m i t  
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the f i e l d  of view of the instrument. 
s i g h t  which t h e o r e t i c a l l y  would s t r i k e  the poin t  of i n t e r e s t  ( the  
de t ec to r )  would be stppped due t o  the boundary of the  window. 
fo re ,  t o  s imula te  the  experimental condi t ions ,  each l i n e  of s i g h t  used 
i n  the  t h e o r e t i c a l  ca l cu la t ion  must be t e s t ed  to  insure  that i t  reaches 
the  de t ec to r  and is not  occluded by the  plane of the  window. This is 
i l l u s t r a t e d  i n  f i g u r e  12. 

That i s ,  some of the  l i n e s  of 

There- 

I n  order  that the computer allow f o r  t h i s  windw r e s t r i c t i o n ,  
a series of tests has been included in  the program and hence is r e fe r r ed  
t o  as the  "window opt ion."  
physical  measurements of t he  window, its shape, and its perpendicular 
d i s t ance  above the plane of the de t ec to r .  

These t e s t s  r equ i r e  d a t a  concerning the  

I n  some of the cases t o  be d e a l t  with,  there  w i l l  be no need 
f o r  the  window opt ion.  (If no window is involved, the  required d a t a  
discussed above is omitted.)  For t h i s  purpose,  the windw opt ion tests 
a r e  preceded by a computer f l a g  which ind ica tes  t o  the canputer whether 
the tests are t o  be used. 

B. Test  f o r  Minimum Absorption Coeff ic ien t  

The hea t  f l u x  fram a r ad ia t ing  medium depends on the absorp t ion  
I f  an absorp t ion  c o e f f i c i e n t  is s u f f i c i e n t l y  c o e f f i c i e n t  of t he  medium. 

small, the  r a d i a t i v e  f l u x  from this spectral region may be considered 
negl ig ib le .  Consequently, i n  ca l cu la t ing  the  t 'otal r a d i a t i v e  f l u x  from 
an exhaust plume, it is prudent t o  neglec t  t he  i n s i g n i f i c a n t  r a d i a t i o n  
cont r ibu t ions  which emanate from those por t ions  of t he  spectrum wi th  
s u f f i c i e n t l y  small absorp t ion  c o e f f i c i e n t s .  

t 

For t h i s  purpose a minimum absorp t ion  c o e f f i c i e n t  HMIN is in t ro -  
duced. The va lue  of WIN is read i n t o  the computer as input  d a t a ,  and 
when a value f o r  the  absorpt ion c o e f f i c i e n t  E,, is se l ec t ed  from the  
t ab le ,  i t  is tes ted  aga ins t  HMIN. 
p a r t i c u l a r  wave number is negl ig ib le .  Since the  r a d i a t i o n  contr ibuted 
by t h i s  segment w i l l  be in s ign i f i can t ,  the  program considers  t h i s  con- 
t r i b u t i o n  t o  be zero and thus e l imina tes  the  succeeding ca l cu la t ions  
wi th  t h i s  value of E,,. Each value of t he  absorp t ion  c o e f f i c i e n t s  is 
t e s t ed  i n  a similar manner. 

I f  E,, < WIN, the value of E, a t  t h i s  

C. Constant Temperature Step S ize  

The major v a r i a b l e  inf luencing the  accuracy of the  i n t e g r a t i o n  
is the  temperature. It was found t h a t ,  i f  l ength  increments were taken 
i n  which the  temperature changes were smalJ, t he  r e s u l t  would be very  
c lose  to  the  exac t  ca lcu la ted  answer regard less  of the  actual physical  
l ength  of t he  s t e p .  This f a c t  has been used t o  decrease the execution 
time of the  program i n  the  following manner. I n  Steps 25 through 32 of 
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PROGRAM DESCRIPTION the calculated temperature 3.W f o r  t he  increment under 
cons ide ra t ion  i s  compared wi th  the temperature f o r  the previous increment. 
I f  the temperature d i f f e rence  is  not g r e a t e r  than o r  equal t o  a c e r t a i n  
input  constant ,  the program moves t o  the next l eng th  increment without 
going through the r a d i a t i o n  ca l cu la t ion  loop. This process is  repeated 
u n t i l  the  desired temperature s t e p  has been reached o r  u n t i l  the  s lope  of 
the temperature changes, Then the r a d i a t i o n  c a l c u l a t i o n  is  made using 
average propert ies  over a length equal t o  the sum of the increments that 
have been stepped off s i n c e  the last r a d i a t i o n  c a l c u l a t i o n  was made. 

D.  Carbon Absorption Coeff ic ients  

Carbon absorption c o e f f i c i e n t s  are ca l cu la t ed  using the poly- 
nomial curve f i t s  l i s t e d  i n  Table 11. The bas i s  f o r  the carbon absorp- 
t i o n  coe f f i c i en t s  is the da t a  presented i n  reference 4, bu t  the da t a  i n  
t h i s  reference only cover a range of 1 p  t o  4p f o r  temperatures of 540°R 
t o  4680"R. 
reference 5 ,  but  the extension t o  longer and s h o r t e r  wave lengths is 
questionable,  p a r t i c u l a r l y  a t  temperatures above 3060"R. However, f o r  
most ca l cu la t ions ,  the poor approximation outs ide the  1p t o  4p range 
was considered to  be more accu ra t e  than neglect ing the longer and shor t e r  
wave lengths completely. 

These d a t a  were extrapolated t o  a range of 0 . 5 ~  t o  l o p  i n  

Since the r a d i a t i o n  is continuum ( i . e . ,  t he re  is no band s t r u c -  
t u r e ) ,  evaluation of yc, and yD i n  Step 36 is meaningless. 
s t e p s  a r e  bypassed, and the transmittance T is  simply evaluated from 
the wel l  known Beer-Lambert l a w .  

Thus, those 

The carbon par t ic le  concentration is input i n  the form of a 
constant mass f r a c t i o n  (pounds of carbon per pound of gas ) .  I f  i t  is 
desired t o  compute the r a d i a t i o n  from only the carbon i n  an oxygen/ 
hydrocarbon plume, i t  is necessary t o  l i s t  a l l  of the r a d i a t i n g  gas as 
when the gas r ad ia t ion  i s  desired and p u t  the  input  f l a g  INPUTF = 1. 
This is  necessary so t h a t  the gas dens i ty  may be camputed. 

E. Hydrogen 

The program assumes that the  only spec ie  of gas that e x i s t s  i n  
the exhaust plume apar t  from H S ,  C02, COY and carbon is H2. This is  
an exce l l en t  assumption f o r  rocket  exhaust plumes ( e i t h e r  LOX-kerosene 
o r  LOX-hydrogen) b u t  may have t o  be modified f o r  other  u t i l i z a t i o n s  of 
the program. 
i n  the radiance calculated where i t  contr ibutes  a term t o  yc i n  Step 36. 
I n  the carbon loop, the f a c t  that hydrogen comprises the res t  of the gas 
body (other  than COZY CO, and H S )  is used i n  computing the carbon densi ty .  

Since hydrogen is  a very poor emit ter , i t  only has importance 
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IX. CAPABILITIES AND LIMITATIONS 

Since much of the above d iscuss ion  has d e a l t  with the genera l  
aspec ts  and c a p a b i l i t i e s  of the program, it would be w e l l  a t  t h i s  time 
t o  document the s p e c i f i c  c a p a b i l i t i e s  and l i m i t a t i o n s  of the  program 
l i s t e d  i n  f i g u r e  10. 

The program can ca l cu la t e  the  r a d i a t i o n  inc ident  on a su r face  from 
a def ined a x i s m e t r i c  gas body. 
such that a normal t o  the  su r face  o r  its extension through the  su r face  is 
coplanar wi th  the a x i s  of symmetry of the  gas body. The p rope r t i e s  of 
the gas a r e  a r b i t r a r y  except that i t  is assumed t o  contain only HS, COa, 
CO, carbon and Ha, o r  H2 and any one or combination of HS, COa, or CO. 
N o t e  t ha t  H2 is considered as a broadener b u t  not  as an emi t te r .  

The o r i e n t a t i o n  of t he  su r face  must be 

The program can consider r a d i a t i o n  from any d i s c r e t e  volume o r  
from a l i n e  of s i g h t .  
may be considered. 
be or ien ted  so t h a t  t h e i r  axes of symmetry a r e  p a r a l l e l  t o  the  a x i s  of 
the  gas body. 

Radiation blockage by axisynrmetric occlusions 
The occlusions may be a r b i t r a r i l y  loca ted ,  b u t  must 

Gas prope r t i e s  a r e  input  e i t h e r  on cards  o r  magnetic tape. Mole 
f r a c t i o n s  of gases that are on the  t a p e  bu t  a r e  not  recognized by the  
program may be ca l l ed  f o r ,  read from the  tape,  and pr in ted  ou t  without 
s topping execution of t he  program. 
input ;  t he  program automatical ly  t runca tes  the flow f i e l d  to  a s i z e  it 
can s t o r e  and p r i n t s  ou t  w h a t  d a t a  have been de le ted .  The gas p rope r t i e s  
a r e  input  as tab les  of temperature, p ressure ,  and mole f r a c t i o n s  versus  
r ad ius  a t  var ious a x i a l  d i s  tances . 

Any number of gas p rope r t i e s  may be 

X. INWTDATA M)RMAT 

On the  following pages, a complete desc r ip t ion  of a l l  the  c a r d  
input  data required t o  run the program is presented. It is r e s t a t e d  
t h a t  o f t e n  ( in  f a c t ,  usua l ly)  the p rope r t i e s  of the gas body a r e  read 
f r a n  an  input  t ape .  I f ,  however, card input  property da t a  a r e  requi red ,  
t h e i r  format is presented on the following pages. For the tape input  
format, the reader  should consul t  the program l i s t i n g  i n  f i g u r e  10. 

At: same time i t  may be  des i r ab le  t o  c a l c u l a t e  the r a d i a t i v e  hea t  
f l u x  from the  same gas body but under d i f f e r e n t  boundary condi t ions.  
This means that (1) the  same gas body, (2) the same absorp t ion  coef- 
f i c i e n t s ,  and (3) the  same occlusions w i l l  be used. However, e i t h e r  
the  poin t  of i n t e r e s t  o r  the in t eg ra l  limits o r  both may be changed. 
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It would be redundant and time-consuming t o  re load these th ree  
i d e n t i c a l  s e t s  of da t a  i n t o  the computer. 
make another f lux ca l cu la t ion  a r e  that da ta  concerning the (new) i n t e -  
g r a l  l i m i t s  and/or the loca t ion  of the (new) po in t  of i n t e r e s t .  There- 
f o r e ,  the program i s  re-cycled t o  the point  a t  which the computer  is 
ready t o  receive the da t a  concerning the i n t e g r a l  l i m i t s  and the point  
of i n t e r e s t .  Inspection of the input d e s c r i p t i o n  w i l l  show t h a t  the 
last seven cards contain a l l  t h i s  information. Therefore, proper revi- 
s ions  i n  the l a s t  seven cards w i l l  allow a new f l u x  c a l c u l a t i o n  t o  be 
made f o r  new case data.  

The only data necessary t o  

2 2  



IN,PUT 

Card 
Column - Units - Program Rune Def in i t ion  

CARD NUMBER 1 (4110) 

Flag: 0 ind ica tes  flow f i e l d  on 
cards ; 
1 indicates  flow f i e l d  on 
t a p e .  

KA --- l o  

Number of flow f i e l d  t o  be used. 11-20 

30 Twice the  number of cons t i tuents  
c a l l e d  fo r .  

--- 

CARD NUMBER 2 (7E10.0) 

SCAL Convers ion f ac to r  used t o  convert  --- 1-10 
flow f i e l d  length dimensions as 
required.  The program requi res  
d h e n s  ions i n  inches.  

scAL2 Conversion f ac to r  used t o  convert  (cm.atm)-l 11-20 
absorpt ion coe f f i c i en t  dimensions 
t o  (cm*atm)-l. 

Pressure conversion t o  lb /  f t2. l b / f t 2  2:--30 scAL3 

scAL4 

ScAL5 

SCAL6 

Temperature comrers ion t o  O R .  "R 31-40 . 
Scale  mole f r ac t ions .  41-50 

Shape f ac to r .  
with the window opt ion t o  obta in  
the desired r ad ia t ion  u n i t s .  

This may be used 51-60 

scAL7 Scale  l / d .  61-70 --- 

CARD Pr'UMBER 3 (8A6 l e f t  a d j u s t )  

1-12, 
13-24, 
25- 36, 
37-48 

BCD representa t ion  of the gas con- --- K@ (1) , 
101, N@ s t i t u e n t s  t o  be considered. Each 

cons t i tuent  is assumed t o  r equ i r e  
two A6 formats so a t o t a l  of 
four  cons t i tuents  may be l i s t e d .  
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ProRram Name 

NKT 

"u 

KKNU 

KNNU 

Def in i t i on  

CARD NUMBER 4 (4110) 

Card 
Units  C o l m  

Number of values of T i n  the 
table  of absorpt ion c o e f f i c i e n t s .  
Maximum is 7 .  

Number of last  card t o  contain --- 
the absorpt ion c o e f f i c i e n t  f o r  
the 1s t  cons t i t uen t  l i s t e d  i n  the 
data statement a t  the beginning 
of the program. 

Number of las t  card t o  contain --- 
the absorption c o e f f i c i e n t  f o r  
the 2nd cons t i t uen t .  

Number of l as t  card t o  contain --- 
the absorpt ion c o e f f i c i e n t  f o r  
the 3rd const i tuent .  

NOTE: Total  number of absorpt ion 
c o e f f i c i e n t  cards m u s t  n o t  
exceed 610. 

CARD NUMBER 5 (7E10.0) 

Temperature values i n  the t a b l e  of O R  

absorption c o e f f i c i e n t s .  

CARD NUMBER 6 (8E9.2) 

(J) Wave number. cm- 

C@F(I, J) Absorption c o e f f i c i e n t s  f o r  the cm'l.atm'l 
gas cons t i t uen t s  concerned. 

18-20 

28-30 

38-40 

1-10, 
11-20, 
e t c .  

1-9 

10-18, 
19-27, 
28-36, 

46-54, 
55-63, 
64-72. 

37-45 , 
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Units - Program Name Def in i t i on  

CARD NUMBER 7 (839.2) 

r n S ( I 7  J) Fine s t r u c t u r e  parameters f o r  C02 cm- l  
given a t  the  same wave number 
values as C 0 2  absorpt ion coef- 
f ic ien ts .  

NC 

NOTE: 
the wave number is l i s t e d  i n  
columns 1-9, but  t h i s  is not  read 
i n t o  the machine. The tempera- 
tu re s  and wave numbers a t  which 
the l / d  values are given must be 
the same as for  the C 0 2  absorpt ion 
c o e f f i c i e n t s  . The maximum number 
of wave numbers f o r  l / d  is 140. 

I n  the sample da t a  list, 

0 NUMBER 8 (4110) 

Number of blocking c i r c l e s  used 
t o  desc r ibe  a l l  occlusion s t r u c -  
t u re s .  

NOTE: The aaximum v a l u e  f o r  t h i s  
v a r i a b l e  is 50. 

CARD NUMBER 9 (4E10.0, 15) 

(1) X-coordinate of the cen te r  of the Inches 
Fth blocking c i r c l e .  

YT (1) Y-coordinate of the cen te r  of t he  Inches 
i t h  blocking c i r c l e .  

Z I ( I )  Z-coordinate of the cen te r  of the Inches 
i t h  blocking c i r c l e .  

R I  (1) Radius of the i t h  blocking c i rc le .  Inches 

KIND (1) Occlusion f l a g :  0 ind ica t e s  a --- 
d i sk ;  
1 ind ica t e s  a 
hole.  

Card 
Column 

10-18, 
19-27, 
28-36, 

46-54, 
55-63 , 
64-72. 

37 -45 , 

9-10 

1-10 

11-20 

21-30 

31-40 

45 

NOTE: Loop back po in t  f o r  a new case. 
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Program Name 

THETA1 

THETAF 

DTHETA 

PHI1 

PHIF 

DPHI 

I E N U I  

IENUF 

IDENU 

DS I 

DMAX 

mGA 

HMIN 

WIN 

Def in i t i on  

,CARD NUMBER 10 (7E10.0) 

Lmer l i m i t  f o r  8 i n t e g r a l .  

Upper l i m i t  f o r  e i n t e g r a l .  

Increment s i z e  f o r  e i n t e g r a l .  

CARD NUMBER 11 (7E10.0) 

Lower l i m i t  f o r  J2 i n t e g r a l .  

Upper  l i m i t  f o r  J2 i n t e g r a l .  

Increment s i z e  f o r  J2 i n t e g r a l .  

CARD NUMBER 1 2  (316) 

Lower l i m i t  f o r  v i n t e g r a l .  

Upper l i m i t  for. v i n t e g r a l .  

Increment s i z e  f o r  v i n t e g r a l .  

CARD NUMBER 13 (4E10.0, 

Increment s i z e  f o r  S i n t eg ra l .  

Upper l i m i t  f o r  S i n t e g r a l  
(lower l i m i t  is always 0) .  

Units - 
Degrees 

Legrees 

Degrees 

Degrees 

Degrees 

Degrees 

an- 

Cm-l  

cm- 

315) 

Inches 

Inches 

Angle of o r i e n t a t i o n  of the plane Degrees 
of i n t e r e s t .  

Minimum t e s t  value f o r  a l l  cm- 1. a m-1 
absorption c o e f f i c i e n t s .  

Flag: 0 ind ica t e s  window option --- 
is omitted; 
1 ind ica t e s  window option 
is  used. 

Card 
C O l u m I l  - 
1-10 

11-20 

21-30 

1-10 

11-20 

21-30 

1-6 

7-12 

13-18 

1-10 

11-20 

21-30 

31-40 

45 
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Card 
Program Name D e f i n i t i o n  Units Column 

CARD NUMBER 13 (4E10.0, 315) (Cont'd) 

NSPEK Flag: 0 s igna l s  normal output - _- 50 
format; 
1 signals output as flux 
d i s t r i b u t i o n  versus  wave 
number. 

XP 

ZP 

TINPUT 

W 

DIS 

1 i f  carbon is t o  be considered 
alone; otherwise blank. 

CARD NUMBER 14 (7E10.0) 

55 

X-coordinate of the point  of Inches 1-10 
i n t e r e s t .  (Y-coordinate is 
always considered t o  be 0.) 

Z-coordinate of the po in t  of Inches 11-20 
i n t e r e s t  , 

CARD NUMBER 15 (E1O.O) 

Constant temperature s t e p  s i z e .  
Use 0.0 if flux c a l c u l a t i o n  Ls 
des i r ed  a t  each LS. 

CARD NUMBER 16 (E1O.O) 

Carbon IMSS f r a c t i o n  ( lb .  of 
carbon per lb of gas ) .  

CARD NUMBER 17 (7E10.0) 
(Used only i f  WIN = 1) 

OR 1-10 

1-10 

If window option is s e l e c t e d ,  t h i s  Inches 1-10 
card is read. DIS is the d i s t ance  
from the poin t  of in te res t  t o  the 
wind ow. 

HT Height of window. Inches 11-20 

W I D  Width of window. Inches 12-30 
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I f  card input f o r  the gas p rope r t i e s  is s e l e c t e d ,  Card Number 3 
above is  removed and the flow f i e l d  input  is  placed between Cards 2 
and 4. The flow f i e l d  format is as follows: 

Program Name Def in i t i on  

CARD NUMBER 1 (8A6 l e f t  a d j u s t )  

K@ (I), I=l , BCD r ep resen ta t ion  of the gas con- 
NON s t i t u e n t s  t o  be considered. This 

is the same as Card Number 3 
except f o r  an added r e s t r i c t i o n  
t h a t  t he  cons t i t uen t s  must a p p e a r  
i n  the same order that t h e i r  mole 
f r ac t ions  appea r  on the property 
cards. 

HDG 

BETA 

R 

T 

P 

28 

CARD NUMBER 2 (12A6) 

72 characters  of alpha-numeric 
i d e n t i f i c a t i o n .  

Card 
Column - Units  

--- 1-12 ,  
13-24, 
25-36, 
37 -48. 

--- 1-72 

CARD NUMBER 3 (4A6) 

24 characters  of alpha-numer i c  
i d e n t i f i c a t i o n  f o r  the flow 
f i e l d  . 

--- 1-24 

CARD NUMBER 4 (E1O.O, 110) 

Coordinate of Z-cut. Inches 1-10 

Number of points  on t h i s  Z-cut .  --- 19- 20 

CARD NUMBER 5 (7E10.0) 

Distance of po in t  from Z-axis. Inches 1-10 
( F i r s t  point  must be R = 0.) 

Temperature a t  that point .  O R  11-20 

Pressure a t  that po in t  l b / f t 2  21-30 



Card 
Program Name Def in i t i on  - Units Column 

CARD NUMBER 5 (7E10.0) (Cont'd) 

F Mole f r a c t i o n s  of the three radia-  -- - 31 -40, 
t i n g  gases i n  the same order  as 41-50, 
on Card Number 1. 51-60. 

NOTE: This card format is repeated NOPS times u n t i l  the p rope r t i e s  a t  
a l l  the points  on tha t  Z-cut have been spec i f i ed .  

zz 

N@S 

CARD NUMBER 6 (E1O.O, 110) 

Coordinate of the second 2-cut. Inches 

Number of points a t  t h i s  2-cut. --- 

CARD NUMBER 7 (7E10.0) 

Give r a d i a l  data  a t  the second Z-cut 
i n  the same format as Cards Number 5 
above. 

1-10 

20 

Continue loading r a d i a l  da t a  a t  Z-cuts with each se t  of r a d i a l  
When a l l  required d a t a  have been d a t a  preceded by a ZZ, NOPS card. 

loaded, end the flow f i e l d  reading by a ZZ, NOPS card with NOPS = 0. 
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X I .  SAMPLE CASE 

The following sample case i l l u s t r a t e s  the use of the program j u s t  
described. In  order t o  demonstrate the c i l ! l  c a p a b i l i t i e s  of the pro- 
gram, the case chosen i s  an "invented" ont h i ch  does not  have a real 
l i f e  counterpart .  A rocket  engine exhaust plume was chosen as the 
r a d i a t i n g  gas body. The S-IVB s t a g e  with one scaled-down F-1 engine 
is the veh ic l e  involved. The r a d i a t i v e  hea t  f l u x  is calculated t o  a 
point  of i n t e r e s t  located on the t h r u s t  s t r u c t u r e  of the veh ic l e  as 
shown i n  f igu re  13. The cons t i t uen t s  used are water vapor, carbon 
dioxide,  carbon monoxide, and carbon p a r t i c l e s .  

For b rev i ty ,  l a rge  angular s t e p  s i z e s  are used i n  the sample case 
s o  that only 15 l i n e s  of s i g h t  are examined. Each of the l i n e s  is  
described by using one value of 13 and one value of $5; 5 values of 8 
and 3 values of @ a r e  used i n  t h i s  sample case. 

The engine nozzle is described by 14 blocking c i r c l e s  which a r e  
designated as disks;  the veh ic l e  s k i r t  is described by one blocking 
c i r c l e  (r15) which is a hole .  This gives a t o t a l  of 15 blocking c i r c l e s  
t o  be used i n  the t e s t s  f o r  occlusion. Figure 13 i l l u s t r a t e s  the nozzle 
and s k i r t  blocking c i r c l e s  f o r  t h i s  sample case.  

The t ab le  of absorpt ion c o e f f i c i e n t s  as a funct ion of wave number 
and temperature contains 606 e n t r i e s .  Of these,  the f i r s t  439 a r e  f o r  
H f l  ( the f i r s t  cons t i t uen t  mentioned i n  the IDENTC data l i s t  a t  the 
s ta r t  of the program), the next 132 e n t r i e s  a r e  f o r  C02 ( the l as t  C02 
en t ry  is number 571), and the las t  35 a r e  CO making the last  CO card 
number 606 which is the las t  card i n  the t ab le .  (Notice that the order 
of the t a b l e  is the same as the order of the IDENTC da ta  l i s t . )  

The t a b l e  of f i n e  s t r u c t u r e  parameters contains da t a  only f o r  C02 
and contains 132 cards.  I n  the cu r ren t  ve r s ion  of the program, C 0 2  is  
the only f i n e  s t r u c t u r e  da t a  tabulated.  Thus, no i d e n t i f i c a t i o n  is  
included with t h i s  t ab le .  

Following is a complete l i s t i n g  of the input  data. Figure 14 gives 
a complete l i s t i n g  of the a c t u a l  input cards as they a r e  read i n t o  the 
ma chine. 
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SAMPLE CASE INPUT 

Card Number Program Name 

1 KA 

2 SCAL 

3 

4 

sCAL2 - scAL7 

NKT 
"N 
KKNU 
KNNU 

5 

C a p  (1, J) , 
I = 1,2, ..., 7; 
J * 1,2, ..., 606 

7 DUM 
(132 Cards) 

. 

FINS(I, J) , 
I * 1,2,  ..., 7; 
J = 1,2, ..., 132. 

Des cr i p  t ion 

1; flow f i e l d  on tape. 
7103; f l o w  f i e l d  n h e r .  
8 

0.5435714; flow f i e l d  l eng th  dimen- 
s ions  are scaled down f o r  the sample. 

Blank; no o the r  scale f a c t o r s  are 
required.  

C102(G), C l O l  (G), H201 (G), CARBON 

7 
439 
571 
606 

540"R 
1080'R 
1800 O R  

2700 O R  

3600"R 
4500'R 
5400 O R  

Values of v; ENUC(1) = 50, ..., 
ENUK(439) = 11000, ..., 
ENUK(571) = 3775, . . . , 
ENUK(606) = 2350. A l l  the  values 
are l i s t e d  i n  f i g u r e  14. 

Values f o r  cv; CDF(1, l )  through 
C@P(7,606). These values are 
l i s t e d  i n  f i g u r e  14. 

These a r e  the same as ENUK(440) to  
ENUK(571) which are read while 
reading the  absorpt ion c o e f f i c i e n t  
t ab l e .  They w i l l  not  be read i n  as 
d a t a ,  bu t  they a r e  l i s t e d  i n  f i g -  
ure  14. 

Values of f i n e  s t r u c t u r e  parameters 
f o r  C02; FINS ( 1 , l )  through FINS (7, 
132). 
he re ,  but  they may be found i n  the 
inpu t  l ist ,  f i g u r e  14. 

These values are not  given 
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Card Number 

8 

9 
(15 cards)  

10 

11 

1 2  

13 

14 

15 

16 

17 

32 

NC 

Program Name 

THETA1 
THETAF 
DTHETA 

PHI1 
PHIF 
DPNI 

IENUI 
IDNUF 
IDENU 

DS I 
D W  

HMIN 
ma 

NWM 
NSPEK 
INPUTF 

X P  
ZP 

TINPUT 

W 

Des cr i p  t ion 

15; number of blocking c i r c l e s  

Table of blocking c i r c l e  s p e c i f i -  
cat ions (omitted here  f o r  b r e v i t y )  ; 
they may be found i n  f i g u r e  14. 

40"; lower l i m i t  
90"; upper l i m i t  
10"; increment 

0 " ;  lower l i m i t  
45"; upper l i m i t  
15"; increment. 

50 cm'l; lower l i m i t  
7500 cm'l; upper l i m i t  
25 cm'l; increment. 

12 i n . ;  increment 
800 in . ;  upper l i m i t  
31"; i n c l i n a t i o n  of plane of i n t e r e s t  
0.0001 cm'l atm-l; absorpt ion coef- 

f i c i e n t  minimum tes t  value 
0; window option a m i t t e d  
1; output of f l u x  versus wave number 
Blank 

1 1 7  i n .  
-260 in .  

10O0R; constant  temperature s t e p  s i z e  

0.05; carbon mass f r a c t i o n  

O m i t t e d  s i n c e  window opt ion w a s  
o m i t t e d .  



XII. OUTPUT DATA FORMAT 

I 

The output  d a t a  format prescr ibed by the  program is s u f f i c i e n t l y  
labeled and includes un i t s  for convenience. Since the  format is s e l f -  
explanatory, no de ta i l ed  discussion w i l l  be given here ;  a n  examination 
of the sample output i n  f igu re  15 w i l l  i nd ica t e  the ease wi th  which the  
output  format may be followed. However, f o r  convenience the  following 
list gives the order  of t he  ou tpu t :  

1. T i t l e  page: includes flow f i e l d  run number, da t e ,  flow 
f i e l d  i d e n t i f i c a t i o n  (BETA), the  gas cons t i t uen t s  considered, and 
case i d e n t i f i c a t i o n  (HDG) . 

2. Flow f i e l d  propert ies :  Z-coordinate, r ad ius ,  temperature, 
p ressure ,  and mole f r a c t i o n s .  Notice that the order  i n  which the mole 
f r a c t i o n s  are output  follows the  order  of the  cons t i t uen t  l ist  shown 
above. 

3,  Absorption coe f f i c i en t  k ib le :  absorp t ion  c o e f f i c i e n t  as a 
funct ion  of wave number and temperature appropr i a t e ly  labeled as t o  
cons t i t uen t .  

4. Fine s t r u c t u r e  parameter t a b l e  f o r  C02. 

5 .  Blocking circle s p e c i f i c a t i o n  tab le :  X-, Y-, and Z- 
coordinates  of the  center ,  rad ius ,  and type of blocking c i r c l e  ( f l a g ) .  

6.  Results: r e i t e r a t i o n  of information given on t i t l e  page, 
coordinates  of po in t  of i n t e r e s t ,  i n c l i n a t i o n  of the  plane of i n t e r e s t ,  
va lue  of HMIN, value of carbon mass func t ion ,  temperature s t e p  s i z e ,  
limits of i n t e g r a t i o n  and increment s i z e ,  and s c a l e  f ac to r s .  

7. Results: t a b l e  of accumulated f l u x  versus  i n c l i n a t i o n  
angle  e, t o t a l  f l u x ,  and time of ca l cu la t ion .  

8. Resul ts :  i f  NSPEK = 1, a t a b l e  of i n t e n s i t y  versus  wave 
length  and f l u x  versus wave number is output ,  
table is the  f l u x  pe r  wave number increment. 

The f l u x  l i s t e d  i n  t h i s  

NOTE: Resul ts  6, 7, and 8 a r e  repeated f o r  each s e t  of case d a t a  input  
t o  the program. 

, t 
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TABLE I 

Model Values f o r  the Co l l i s ion  Line Width Parameters 

n* ( Y i  j ) STP n i j  ( Y q i ) s T p  ii Molecule Broad ener 
(i) ( j  1 

H S  (0. 09) 0.5 0.44 1.0  

N 2  0.09 0.5 0 

02 0.04 0.5 0 

H 2  (0.05) 0.5 0 

co2 0.12 0.5 0 

co2 (0. l o )  0.5 0 

co2 
~~ -~ ~ 

co2 0.09 0.5 0 

H20 (0.07) 0.5 0 

N 2  0.07 0.5 0 

02 0.06 0.5 0 

H 2  0.08 0.5 0 

co2 (0.06) 0.5 0 

co co 0.05 0.5 0 

H20 (0.05) 0.5 0 

co2 (0.05) 0.5 0 

H 2  0.05 0.5 0 

N 2  0.05 0.5 0 

02 0.04 0.5 0 
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. 

Temperature 

O R  - OK 

300 540 

600 1080 

1200 2160 

1700 3060 

2000 3600 

2300 4140 

2600 4680 

- 

TABLE I1 

Carbon Absorption Coefficient Curves 

A 

x 104 - 
0.. 13463853 

-.19909966 

-. 31886445 
0.38870225 

0.60273281 

-.89695742 

-.41368281 

B 
x 101 - 

.38710213 

.42759743 

.48804827 

.53648682 

.86118469 

1.3577194 

1.846005 2 

C 

x 10-3 

-.47055911 

0.50848071 

0.52853813 

-. 50955662 

- 

-1.0340689 

-1.8257443 

-2.9400371 

D 
10-7 - 

.35084341 

.37144485 

e 36589761 

.33136839 

. 6 4 8 a g m  

1.1016709 

E 
x 10-12 

-.79087507 

-.83813311 

-.89385920 

-. 69866129 
-1.3474213 

-2.2102493 

1.9221795 -4.1482373 

5 A + Bu + Cv2 + Dv3 + Ev4 kU 

ku = Absorption coef f ic ient ,  cm2/gm 

v = Wave number, l/cm. 
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Axity mmetric 
Gas Body 

Axisymmetric 
Occlur ion 

lane of Interest 

Point of Interesl 

+X 

F I G .  1. C O O R D I N A T E  S Y S T E M  

FOR T H E  P R O B L E M  G E O M E T R Y  
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tz 

t 
Plano of Interest 

Point of Interest 

@ 
+X 

+z 

Projection of Normal 
to Plane of Interest 

Pant of Intorest Q) * -4SO 01 +315@ 

Plan. of Interat 
Not = +22S0 

@ 

Projection of Normal to Plane of Intwost 

Y 8 +46. 01 -319 
Plane of Intormt 

Point of Intorest 0 

FIG. 2. ORIENTATION 
OF THE POINT OF INTEREST 
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Pow 04 
Intomat 

P I O M  d 
lntorost 

Intoror t 

For This Uno of  Slgbt : 

+ 345. or -45. 

8 20. 

r h t .  Thot if WO Fix 8 and Vary +, tho Uno of Sight 

Tracot a Con. Whoso Apar I8 tha Point of I r tuor t  ord 

Who80 Halt Anglo Is 8. If Wo Fir + and Vary 8, Wo 

Oonoroto a Plan.. 

FIG. 4. EXAMPLE 
SHOWING SPHERICAL ANGLES 8 AND # 
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. 

kJ 
8 :  
@ a  

Angles 
8 0-45.  Scans cone with 

0-360° 1 45. h d f  anole 

X Y  z Radius TYPO 
o b  11 Circle 
0 b - A s  r l  + Ar Circle 
o b - 2 A r  r l  + 2 A r  Circle 
o b - 3 A s  r l  + 3 A r  Circle 
o c  r2 Circle 

a 

I - I 
I Block ina Circles 1 

FIG. 6. A P P L I C A T I O N  OF O C C L U S I O N  C A P A B I L I T Y  
AND A N G U L A R  C O N T R O L  F E A T U R E  



C y l i n d e r i c o l  A x  i r y m m e t r i c  
O c c l u s i o n  

Line o f  Sight Which Is 
Occluded in R e a l i t y  but i 
Which Does Not  Intersect 
a B l o c k i n g  C i r c l e .  / 

Blocking C i r c l e  
F - v  N u m b e r  4 

Blocking Circ la  
N u m b e r  I 

A f 

FIG. 7. USE OF BLOCKING CIRCLES 
TO DESCRIBE OBSTRUCTION 
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FIG. 8. C O M P L E X  O C C L U S I O N  
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L 
C 1. THE VALUtS i lF ?IU-LIAA F @R WHICH ABSBRPTIBN C-dEFFICIENTS--AR 
C -_ --. CI-V'?- Ak&--i!Tlc_R_nlLeLUES WITH CBNSTANT SPACING. 
C 2,'DELTA IJU-dAd I S P t C l F I E O  dN INPUT CAR01 MUST BE A M U L T f P L t  
C dF T H i  SPACING I N  THE T A B L i  a F  ABSBRPT10N CdEFFICIENTS. 
C 3 .  THE UPPER AND LdUER L I M I T S -  BF %U-0AR FBR THE fNffcR-Anm 
C 44E IOEdTICAL UIJM TUB VALUES -FRBM THE- A80VE MENTIBNEO 
C TABLE. 

.. . 

FIG. 10. PROGRAM LISTING 
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FIG. 10. 
(continued 1 
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-- 

-. C - L d A D  T A l C E S  OESCKIBIXG THE BLe!NG-CIR_tL_E_f - _ _  - 
REA0 (5s 1430) 'IC 
IF I NCWAX-NC I 290 t 300 r 300 

290 Y R I T E  (6r14901 :&MAX 

Fl6. 10. 
(conf inued ) 
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-- - THE TAF=TrtE TAF-. 5+DTl iLTA 

P H I  F x P H l  F-.S*DPHI 

THE T A I  =THETA I /57.2957795 
THETAF=THETAF/57.2957795 

FHI I=PZI riTmwr----- --- ___ . - 

C CllNVERT ANuLES i d  RADIANS - 

- - ._ 

FIG. 10. 
(continued ) 
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. .  

37U, 
3 7 0 .  

3 7 0 , 4 0 0  
3 7 0 , 4 9 0  

F16. IO. 
(continued 1 
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__ 
C I F  WlNOdW d P T I 8 N  UStOt DUES RAY PASS THRBUGH WINDBW. 

I F  I N W I N I  5 1 0 ~ 5 7 0 ~ 5 1 0  
C CBMPUTE P d l N T  dF I N T E H S i C T I B N  dF RAY H I T H  PLANE YF - w I T D @ w .  -- 

.-- --_ 5 I D  _-_ X I NL= ( A. +C P H + I C UbG + X P / C dS A: L P I !! I A Prl *C PU.+c-0C.G/C 0s A I 
Y I N T r Y P + L ~ S B / C ~ S A + l X I N T - X P  I 
2 IUT=ZP+Cd SG/CdSA* I X 1 NT-XP 1 

C CHECK P@INT J F  INTEKSLCTIEN FldH WHETHER I T  L I E S  W I T H I N  WINOBWI- 
C I N T E K I  BK. 

IF ( X H - X I Y T I  L 3 5 0 . 5 2 0 1 5 2 0  

530 I F  I Y H - Y I N T I  l j 5 0 t 5 4 0 1 5 4 0  
540- I F  ( Y I N T - Y L )  1 3 5 0 1 5 5 0 1 5 5 0  
550 I F  IZH-ZI IJTJ 135015601560 

- 560 I f  I Z I N T - L L I  1 3 5 0 1 5 7 0 ~ 5 7 0  

~ 

- 5 2 0  IF  -(XI;~T-XLL ~ j ~ 1 - 5 2 e i 5 j ~  _ _  _ _ _  _ _  
__- __ 

~ --._ ___ 
C RAY DdtS INOEEO PAS5 THRUUGH W l f J D l d W .  

C CHECK 0CCT U S I C'd L I S T F 0R NE AKE-ST I NT ZR IrN<- - 1 F N T ; -  
570 CO_!LINK~ __ _ _ _  -__. 

-- __ D M l  d=DMAX 
0 0  620 1-1 sNC 

YA=YP+ T E  He C C S B  
D I = S O K T l  ( X A - X I  ( I t  I * + Z + ( Y A - Y I  I 1  t I ++2l- 

C D 1  IS T k i i  D I S T A Y C t  U t T U t E N  THE P 0 I N T  0F I N T k K S t C T I B U  BF THE HAY 
C W I T H  T H I 5  ilRCLct Aid0 THZ LCNTtR 0 F  THE CIRCLE. 

5 8 4  I F  I R 1  ( 1  1-011 620~620e590 
C RAY IS f3LBCKED BY T t i I S  fiCCLUSI0N. 

A C 0 2 l I  l=O. 

Fd3111=0.  
A C d j ( 1  l=O. 

650 A 3 J 3 (  I l=O. 

FIG. IO. 
(continued 1 
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u u  

OL=DS.CLISG 
XzXP-ox/z .  
Y*YP-OY/2. 

TINOEX=-1. 
ThciT0=O 
J F K = I  
TYONEW=O.O 

C INCREMENT X t Y  t2. 

_. . ~ - r_=z P-p z /  2, - -- - -I- 

. -_ - - -  ~ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . - _ - _ _ - - - - -  __ - - 670 - Xz-X-+OX 
Y = Y * o Y  
Z=Z+OZ 

IF (Z-LL(I 1 I 700t690~690 
C B I V A R I A N T  TABLE L0BK-UP FYlH PRiSSURE (PRES)  AND TEMPERATURE l T E W  

680 60 T O  1320 

C AN0 CaMPLETE II'JCREHENT 
700 IF ( J F K - L J  6 8 0 ~ 6 a 0 . 7 1 0  
710 JFK=JFK-1 

G0 T J  990 

Da 7 7 0  I I = l t Y B d N  
FAZ( I I l * F (  I r J + l  t 11 I 

7 7 0  CJNTINUE 
I = I * l  

. .. 

FIG. IO. 
[continued 1 
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800 CaYTINUE 
- H ? 2 = R l  I , J + l I  

T22.T I 1 , J+ 1 I 
- -  - - -  _ _ _  P 2 2 x P l  I e J+1 I - -  

DB 810 I I = ~ , Y B N * ~  
-_ F Z Z ( I 1  I = F l  I ,J+1,  I I I 

R X = R l l + Z K A T I 3 . ( R 2 l - K l l I  
R Y =I< 1 2  + Z R A T I B I H22- FC 12 ) 

'310 C W T I N U t  
__ 

- -  L CHtCK F 0 H  RW bH,ATER TCAN PL_UM_E-bld_NDRY_-- - - - - 
I F  I N C K i M C V T  HAS N I T  8 E c N  CldMPLETED BACK UP 0NE JFK-ANDJ-0MyLEE 
I F  IRY-RwI 8 2 0 , 8 4 0 ~ 8 4 0  

820 I F  LJFK-11 680.680.830 
C 

8 3 0  JFKZJFK-1  
6 d  T0  990 

8 4 0  CaYTINUL 
R R A T l ~ = l R * - R X ) i i R Y - h i )  
F X = P l 1 +  ZAAT 1 El* I P2 1 -P  11 
F Y =PlZ + ZRA T I ~ I PZ2-P 1 2  
PW*FX+RKATId*lFY-FX) 
F X.1 I l + Z H A T I  0.1 1 2 1 - 1 1  1 
F Y5T12+2 R P T  13: LTZ?--T 12 
TW=FX+HKATIO*lFY-FX) 
DO 850 I I = I , ' 4 0 J d  

- -- - - - _  

- 

F X = F I 1 ( 1 1 1 + Z R P T I 3 . I F 2 1  
F Y = F l 2  ( 1  I l + 2 R A T I B ~ l F 2 2  
F vi(  I I I = F  X + K K P T I W *  I I-Y-F 

. . . . . . .  

. . . . . . . . . . . . . . . . . . .  . ~. 
03 090 I I = l r N 3 > I N  
FYSUMI I 1  ) = F w I  1 I I 

....... -- .. ......... .. 890  ;;;;pi. --_____._I_-__ . .  - __ 
GJ T0 950 

C C H C L K  F;dR DELTA 1, S L f i P t  CHAivGi 4140 INTCGRATI i jN L I M I T S  
900 I F  I P ~ S l T ~ - T W S T ~ ) - T I t I P U T )  Y20,970,910 
910 I F  l A 8 ~ I T * - T ~ S T ~ ) - l . l ~ T I N P U T )  970,970,560 

....... 9 2 0 ~ T ~ 0 J L O = T w d : I E k l  . .- .- - 
T L d 4 E * = T w - T w S T d  --. -. - 

I F  
I F  1 S . L T . O M l t J )  GU 711 930 
G B  TO 970 

930 PWSUH=PkSUH+PW 
WSUM= Tk ~u M+ ~ 

DO 940 11*1 ,NdN~I  

l A B S I T W 3 ~ ~ T W I . L T . A 8 S l T ~ O ~ L D I  I.  G O  TJ- 9 7 0  .... ............ 

- -. -~ - . .- C 1 . J C K t M c N T  T d  NEW P0SlTlEY 0% UIJF~EIF-~5T%HT 
.......... - ........... ..... __I______.- 

F ~ S U M ( I I ) ~ F w S U M ( I I ) + F W ( T n - - - - - - - - - - - - - - - - - . - .  ... ..... ._ 

. .  ... ....... -. ......... 940 CaNT1:JUE 
950 JFK=JFK+l  

S = S + D S  
T rrBLD= I h 

G B  TQ 670  

. . . .  ...... -- .. .-- .............. ... . .  

- . __ .- - .. C bACK UP-TEMPERATURE STEP TOd LAR%E 
-. - . 

FIG. 10. 
(continued) 
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360 X=X-OX 
Y=Y-DY 
z=z-oz 

J F K= JFK- 1 
G 4  T i l  Y 9 0  

- . .  . s=s-os 

C CBMPLETt PRUPEdTY SUMS 
9 7 0  PuSUM=WSUM+PW 

TYSUM= TWSUH*Tid 

FWSUNI I I l=FWSUNI I 1  )+FWl I I I 
980 CUNTINUE 

990 F J F K f J F h  
C C B M P U T ~  A V E R A G ~  VALUES Fan INCREMENT 

ThS1 @=TkJLO 
PY=PWSUN/F J F k  
TW=TYSUN/FJfK 
DO 1000 I I ~ l r N 0 I l ! J  

_ _  1000 F Y I  1 I I =FwSUHl I 1  ) / k J f - K  
G D  T 0  1030 

C I F  I i 4 C R t M i X T  IS dNLY JNc STLP 

FIG. 10. 
(continued ) 
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FCLP;=O. 
D M f l r O .  

FIG. 10. 
{continued) 
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. 

. . . . - . - . - . 

BDDI=aD.oI  NV 
G J  T a  1220 

C C3. SAME A S  U A T i d  VAPJR. . .  
1150 I f  (J.LE.I0?13L.dH.J.C~.IJ1.IjUI Ga T U  1300 

FIG. IO. 
(continued) 
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FIG. IO.  
( continued ) 
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c 

I 
1340 S U M l = S u M l + S P K I U S l I l  

SUML=SUKZ+SUHl 
C F4CTdR uF 1.00001 T J  PKcCLUdE ;FFECT 3F BINARY RBUNU-BFF 

1350- m I = p n I + o p H I  
IF (I.OUUOL*?HIF-PHI I 1560,500,500 

1360 FLUk=FLbX+SUMZ*bI JKa 
1 3 7 0  PAHT1.57.2 3577.?5*1 Tt i iTA+UTHtTA/L .  I 

PARI2=FLUX*FLUkF 
* i I I T t  16.17101 PARTl.PAdT2 

L I J T t G 9 4 T I J  1 IS NdM CJWPLITE. FLUX CJUTAI'IS VALUE 0F INTEGRAL. 
1380 FLUx=FLUx*FLUFF 

U H I T E  l6rlS3Ol FLUX 
C A L L  bCLJCK l U U H , D U H r T ~ I ~ d ~ O J ~ l  

2 
3U:YT 3 

1530- F dRHAT 
1540 f1dMAT 

1550 FldRHAT 
1560 FJRRAT 
1570 FJrlclPT 
- l Y I J E / / l  
1580 FDRHAT 
1590 FdHHAT 

l /  / 3 0 x 1  4 

-- 

Fl6. 40. 
(continued 1 
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1 6 2 0  FdRMAT 14E10.0.15)  
1 6 3 0  FdflNAT ( / / 3 0 X . J 4 H A d S d K P T I J Y  C B t F F I C I E N T S  LESS THAN eF8.4.27H A R T  

_ _ _ - -  l b 5 0  F5REiPT ( l H 0 2 9 X 1 2 A 6 1  
1 6 6 0  FJKhAT ( k 1 0 . 0 )  
1 6 7 0  FdRMAT ( 1 H l t 4 6 X , j B H F I N E  STRUCTUFE PAqAHETERS ( l / O )  //64X&A 

1 / /3OX14HWb V i  Nd. ( 1 / i M  I 1 5XZOHTE MP ERATURES I D E C  R ) / / 4 5 X  7F8 .0 / /  1 

I 4  X 1 8HA B S dK P T 1 0 k L 0 E F 5 F 1 2  5 t I 30 X L 3 H F L o W i - ~ ~ ~  -rEMm R ATa c E m 2  
25r4X IZHSHAPf  F A i T d R b X F 1 2 . 5 , / 3 O X 2 0 H F L ~ ~  F I E L D  PRESSURES5X,F12.5t /3 
3X25hFL J W  F I EL0 CI0LE FRACT I di4SF 1 2 . 5 t / 3 0 X 3 H 1 / 0 2 2 X F 1 2 . 5  I 

1 6 9 0  FdR;IAT (//3OX3OhbiIhl)dW 2PTIdtd WAS SELECTED. D T ~  1PE12.5t3H H=.E12. 

1 6_BO_-FdH P A T . (1 / 6 0 X 1 3HS CALL! Ag T_ d &S/_/OX30! HF L 0 F I EL D 0 I H i  pL14 1 0 N S 4 X F 1 2.5 

- 

- 

1 7  1 0  F J K K A T  (52 XF9.3r4X l Y i l 5 . 7  1 
1 7 2 0  FJRPAT ( I H 1 4 1 X 4 7 H D I S T ~ I ~ U T I ~ ~ ~  J F  FLUX WITH REGARD T d  WAVE NUMBER7 

1 / 4 3 X 6 H L A rld 3 A6 X d H 1 -LA +l J 0 A6X 1 1 t IW AV C '4U HB E K 7 X 4 HF LUX / / ) 

1 7 5 0  F3RMAT ( / / 3 0 X , 2 3 H T t H P c R A T U K ~  STEP S I Z E  =F7.11 
1760 FJRWAT 15 IHOJJ .  J F  Ld. IPdCdtMENTS CXCEEDS ALLPwED 4 4 0  s T J Q A ( , E S / ~  
1 1 7 0  FJRMAT ~ l H 0 t 2 1 7 ~ ~ X ~ J F 7 . i t 6 i 1 5 ~ 6 ~  

E NO 

- - -- - - -- - - - - - -_ - - __ - __ - s. 
S l B F T L  FLZWOK O E C K  

C KJUTI  .IE T3 RCAU FLGw F I t L O  FHDP aINARY TAPE, 
C dn F < u M  CAR05 

- 
SUI)d!dTI dE FL3WTC 

-. . .. ._ 
C dD:=O 
I F  ( K A )  ~90r10,90 

C b L d h  F I t L D  I S  TJ C Y M E  F A J M  CARDS.  

FIG. IO. 
(continued 1 
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FIG. 10. 
(continued 1 
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470 FdR.bAT I 7E 10.0) 

490 Fd<P,AT 118Hl*****CASE NbMBcN t I l O t 3 5 H  DOES N 0 T  CBNTAIN THE C 0 N S T I  

- 4 8 ~  F ~ t ( , , , A T  ~ - ._ . 

__ 
1US J l  - s 2 A 6  t 1H- I 

500 FaShAT I IH lp29Xt38Hk 'LUME HADIAr*C i  CALCULATION 1 2 - D l r  KUY t I B t 7 X . l  

t 8 A 6 I 
lHOATL OF AUh- tA61//>BX20HIbENERAL H A D T F n E ? 4 1  , 1 7 4 3 X Z Z k F I E L C  I D E N  
2 1 F I L A T 1 d J- 

510 TZRi4AT I l H 0 2 9 X l Z L b )  
520  FORMAT 1 1 2 A 6 )  

t 4 A 6 t / / 3 0 X C 0-1 5 T I-xE N T 5 C I Y  T E R E  S T - -_ 
- - - __ 530 F ~ W A T  i~io.n.1101 

FIG. IO. 
(continued 1 
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START 

SCLOC K 

TAPE) 

OPTION (KA), 
CASE NUMBER, 

AND TWICE THE 
NUMBER OF 

1 FOR H201(G) 
2 FOR C102(0 )  
3 FOR C l O l ( 6 )  
4 FOR CARBON 
0 FOR OTHERS 

4 

CONSTITUENTS 
(WON) 

vA-1 (FLOW FIELD IS 

TD COME FROM \/ 1 CARDS) 

CONSTITUENTS 
AND TWO ID CARDS 

PROPERTIES AND 
CONSTITUENT MOLE 

SET FLAG NUMCON I ACCORDING TO CONSTITUENT: I 

REWIND -0 
FACTORS AND 

LIST OF 
DESIRED 

CONSTITUENTS 

SET NUMCON 
ACCORDING TO 
CONSTITUENT 

2 FOR COg 
5 FOR CO 
4 FOR CARBON 
0 FOR ALL  

i FOR n,o 

OTHERS 

FIG. 11. FLOW CHART OF PROGRAM 



. 
IF SCALE FACTORS 
ARE 0, SET TO I ; 
SCALE FLOW FIELD 

1 

OUTPUT 

FLOW f l E U  

COEFflClENTS AND flNE 

SCALE r4BsoRpTloN 
COEFFICIENTS AH0 

FINE STRUCTURE 
P I R W m w  

flNE UPPER AN0 LOWER 
LlMTS O f  ABSORPTION 
COEFFICIENT MTA FOR 

EACH CONSTITUENT 

1 

OUTPUT 
BLOCKIN6 

CIRCLE 
SPECS 

FIGURE 11 
(continued) 



SCLOCK 

THIS I S  THE 
LOOPBACK POINT FOR 

MULTIPLE CASES 

L 

ADJUST LIMITS 

EVALUATION OF 
ELEMENTS, 

CONVERT ANGLES 
TO RADIANS 

FOR CENTER- 

( W  

(WINDOW OPTION 
NOT DESIRED) 

NDOW OPTION 

READ SPECS 

COMPUTE EQUATION 
OF PLANE 

OF WINDOW AND 
COORDtNATES 
OF CORNERS 

FIGURE 11 
(cont inued)  
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. 

J 

w 

COMPUTE THE 
DIFFERENTIAL 

PRODUCT d@d+d0 * 
FLUX=(O 1 

THETA = (el) 

INITIALIZE: 

e - LOOP 

YES 

YES c 

INITIALIZE: 
SUM2 = ( 0  1 
PHI = (41) 

+ * LOOP 
650 
COMPUTE DIRECTION 

COSINES 
Q *  8, 7 

h 
S O  

(WINDOW OPTlON 
(WINDOW OPTION NOT SELECTED) 

SELECTED) 
NO 

FIGURE 11 
(continued 1 
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. 

LOOK UP TABLE AND 
INTERPOLATE F O R  

TEMP ( T W ) ,  PRESS (PW) 
AND MOLE FRACTIONS 

( F W  (11) AT X, Y, Z 

t 
COMPUTE UPPER 

LIMIT OF INTEGRAL 
OVER LINE O F  

SIGHT; (MAY BE 
LESS THAN INPUT 
VALUE BECAUSE OF 
BLOCKING CIRCLES) 

i 
INITIA L lZE 

SUMMATIONS : 
G = (1) 
F = (0 )  
& = ( 0 )  

Ap' ( 0 )  

oYES 

SET I N I T I A L  TEMPERATURE 

STEP SIZE DATA: 
TINDEX = (-4) TWSTO = ( 0 )  S-LOOP 

b INCREMENT 

FIGURE 11 
(continued ) 



. 

<TINPUT 

INITIALIZE 
PROPERTY SUMS 

PWSUM *PW 
TWSUM =TW 

PWSUM (II) = fw (HI 
AND SET 

ADVANCE S 
S = s + A S  

AND INCREMENT 
INDEX 

J f K = J f K + l  
TWOLDS TW 

I StT  

YES 
- 1 

I 

EVALUATE SUMS 
PWSUY PWSUM+PW 
TWSUHIY = TWSUM+TW 
f W S u Y ~ = F W S U M  

COMPLETE PROPERTY 
SUMS AND SET 

I_ 
PROPERTIES AND 

ELEMENT LENGTH 
(OSSI AND SET 

JfK.1 
tWSTO= TWOLD 

FIGURE 44  
(continued) 
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CORRELATE PARTIAL PRESSURES 
WITH THE NAMES W20, PC02, 

PCO BY USING ID NUMBERS 
STORED IN NUMCON 

WAVE NUMBER 

DO LOOP ON 

CONSTITUENT 

1 68 

FIGURE 11 
(continued) 



c 

LOOK UP AC 
IN TABLE 

CALCULATE Q 

FIGURE 11 
( continued ) 
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Y E S  Y E S  

LOOK UP AC 

-l 
C A L C U L A T E  

AND 
l / d  

7 C '  Y D '  

THERE AC DATA Pn 

Y E S  

LOOK UP AC 

C A L C U L A T E  

LOOK U P  l / a  
I N  T A B L E  

T C ' 7 D '  AND 

FIG. 14. 
(continued) 
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. 
c 

I 

CALCULATE 
DCO A N 0  600 

t 
CA LCULAT E 

G E 2  AN0 GE4 
t 

I CALCULATE 1 BLACKBOOY FUNCTION 

6 NUMCON (IJ) '3>h 

C A L C U L A T E  

A 00, 

COR H z 0  

ACO, 

FQ, 

~ 

FOR COz 

P3 ~1 
FOR CO 

CALCULATE 

FOR CARBON 
FOP 

G E 2  f IO' 
O E S  f 101 

DMO WLW 

1 

LOOP ON I J  
(CON ST I T U  ENT , 

FIGURE 11 
(continued 1 
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P 

COMPUTE INTENSITY FOR 
THIS SEGMENT AND ADD 

END OF DO 
LOOP ON J w INCREMENT S 

T I N D E X  = ( 0 )  

+ YES 

THIS LINE OF 

ACCUMULATE 
WITH FLUX FROM 

PREVIOUS LINES OF 
SIGHT (SUM21 

INCREMENT 6 

FIGURE 11 
(continued) 
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. 

FLUX FROM 
PREVIOUS 

1 

OUTPUT 
ACCUMULATION 
OF FI,UX WITH , 

RESPECT TO 
ON, 

1 INCREMENT e I 

OUTPUT TOTAL I FLYX ] 

0 SCLOCK 

OUTPUT 
ELAPSED TIME 

FIG. 11. 
(con t hued 1 
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c?j REWIND 

4 NSPEK 

OUTPUT FLUX 
SPECTRAL 

01 STR I BUTION 

‘ I  

6 

FIG. 11. 
( c o n c l u d e d )  
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0 
t 
e 
0 

- 

75 



\ N + 

76 



i 

1 -  ~ 

i . 

5 3 4 1 1  

0.5435111 
1 53733 8 

HZ0l (GI :la2lGl t101(G( ZL R j  a N  
7 439 571 606 

543. 1380. 13 00. 2733. 36)O. 4553. 5 r  30. 
53.3 3.50E-01 1.03E-01 4.2lE-02 l.14E-02 4.iOE-03 3.03E-03 1.93E-03 
75.0 2.08E 00 3.65E-01 1.13E-01 3.75E-02 1.95E-02 1.34E-02 6070E-03 

103.3 3-66? 00 9.90E-01 3.00E-01 1.04E-01 5.77E-02 3.65E-02 2.116-02 
125.0 6.50i 00 2.01E 00 6.50E-01 2.14E-01 1.28E-01 8.45E-02 5.29E-02 
193.0 8.25E 00 3.25E 00 1.21E 00 4.15E-01 2.6OE-01 1.68E-01 1.09E-01 

203.J 8.10c 00 5.40E 00 2.61s 00 1.2SE 00 6.95E-01 4.60E-01 3.09E-01 
225.0 6-82: 00 6.00E 00 3.37E 00 1.79€ 00 1 . O l E  00 6.198-01 4.54E-01 

275.3 3-16; 00 5.92E 00 405bE 00 2.81E 00 1.72E 00 1.22E 00 8.22E-01 
303.0 Lo99E 00 5.28E 00 4.79E 00 3.288 00 2.13E 00 1.49E 00 1.04E 00 
325.0 1-13€ 00 4.50% 00 C.84E 00 3.61E 00 2.49E 00 1.79E 00 1.28E 00 

375.0 2.93E-01 2.89€ 00 4.43E 00 3.94E 00 3.12E 00 2.37E 00 1.82E 00 
C03.0 1.38C-01 ZOOS€ 00 4eOOE 00 3.96E 00 3.30E 00 2160E 00 ZoO7E 00 
425.0 b.205-02 1.43E 00 3.47E 00 3-68E 00 3.41E 00 2.80E 00 2.29E 00 
453.0 2.55i-02 9.50E-01 2.92E 00 3.70E 00 3.458 00 2095E 00 2-48E 00 

503.0 3.4Oi-03 3.86E-01 1.88E 00 3.138 00 3.348 00 3.09E 00 2.73E 00 
525.0 1.053-03 2.36%-01 1.45E 00 2.74E 00 3019E 00 3007E 00 2.80E 00 
553.0 3.50:-04 l*44€-Ol 1.1OE O(? 2.38E 00 3.00E CO 3.01E 30 2.835 00 

603.0 4.3OE-05 4.45E-02 5.968-01 1074E 00 2.48E 00 2.75E 00 2.77E 00 
625-0 1.50:-05 2.425-02 4.27E-01 1.4SE 00 2.22E 00 2-60E 00 2.698 00 
653.0 Solo€-06 1.218-02 2.94E-01 1.188 00 1.95E 00 2.41E 00 2.58E 00 
b75.0 1.70E-Ob 6.3OL-03 2.OOE-01 9.53E-01 1.69E 00 2.2LE 00 2.458 00 
703.0 5-70E-07 3.00E-03 1.34E-01 7.48E-01 1.46E 00 2-OOE 00 2.29E 00 
725.0 1.956-07 1.4OE-03 9.OZE-02 5.80E-01 1.24E 00 1.78E 00 2.13E 00 
753.0 6.80;-08 6.205-04 S.90E-02 4.43E-01 1.03E 00 1.56E 00 1.96E 00 
775.0 3,85C-08 2075E-04 4.50E-02 3.3OE-01 8045E-01 1.36E 00 loll€ 00 

825.0 1.13E-07 5.00E-05 2.89E-02 lo74E-01 5-608-01 1.008 00 l043E 00 
850.0 1-95t-07 2030E-05 2.45E-02 1.23E-01 +.SO€-01 8.55E-01 1.26E 00 
875.0 3.28t-07 1.038-05 2.14E-02 1.OOE-01 3.57E-01 7.18E-01 1.11E 00 
903.0 5.bOE-07 4.606-06 1.89E-02 8.308-02 2.78E-01 5-9SE-01 9-55E-01 
925.0 9.50E-07 2.05E-06 1.74E-02 7.30E-02 2.39E-01 4.92E-01 8.25E-01 

175.0 8.706 00 4.52E 00 1.89E 00 7.65E-01 4.50E-01 2.89E-01 1.93E-01 

253.0 4.93: 00 6.22E 00 C.07E 00 2.30E 00 1.35E 00 9.35E-01 6.20E-01 

353.0 5.852-01 3.70E 00 4.71E 00 3.83E 00 2.84E 00 2.08E 00 1.54E 00 

475.0 9.4OF-03 6.10E-01 2.36E 00 3.43E 00 3,428 00 3.04E 00 2.628 00 

575.0 l.26E-04 8.ZOE-02 8.18E-01 2.04E 00 2.76E 00 2.89E 00 2.82E 00 

803.0 6.70E-08 1.13%-04 3.55E-02 2.42E-01 6.9%-01 1.17E 00 L.59E 00 

953.0 1.60f-06 1.40E-06 1.66E-02 6.65E-02 2.1lE-01 *.OS€-01 7.05E-01 
975.0 2.75E-06 3.50E-06 1.65E-02 6.30E-02 1.9SE-01 3.52E-01 6.00E-01 
1003.0 4.7OE-06 8.50E-06 1.67E-02 6.20E-02 1.90E-01 3.12E-01 5.108-01 
1025.0 8.10E-06 2.15E-05 l.75E-02 6.3OE-02 1.91E-01 2.89E-01 4025E-01 
1053.0 1.36E-05 5.70E-05 1.88E-02 6.75E-02 1.94E-01 2.81E-01 3.58E-01 
1375.0 2.35s-05 1.50E-04 2.08E-02 7.456-02 2-O2E-01 2.83E-01 3.29E-01 
1103.0 SoOOE-05 3.80E-04 2.33E-02 8.65E-02 2.23E-01 3.14E-01 3.57E-OL 
1125.0 6-80E-05 9-508-04 2068E-02 1.22E-01 2.60E-01 3r80E-01 4.49E-01 
1153.0 l.2OE-04 2.458-03 3.43E-02 l.76E-01 3.23E-01 4.56E-01 5.07E-01 
1175.6 2aOOE-04 6-2OE-03 6.388-02 2.518-01 3.98E-01 Sell€-01 S.68E-01 
izo3.o 3.65~-04 1.4eE-02 
122500 6.80E-04 3030E-02 
1253.0 1.30E-03 6-356-02 
1275.0 2.50E-03 1023E-01 
1309.0 5.005-03 2otZE-01 
1325-0 1~03E--012.85i-01 
1353.0 2.195-02 3.28E-01 
1375.0 4.855-02 3.4SE-01 
1403.0 1014E-01 3.61E-01 

i.07E-oi 
1 66E-0 1 
2.44E-01 
3.05E-01 
4 07E-0 1 
4.89E-0 1 
4 91 E-0 1 
5 O S € - 0  1 
5 38E-01 

3.33E-01 

4.59E-0 1 

5.47E-01 

5.58E-01 
5-21 E -0 1 

4 0 5 E -0 1 

4-77E-01 

5.?2E-O 1 

5 63E-0 1 

4. ME-0  
4.87E-0 
*.El€-0 
5 O2E-0 
4.99E-0 
4.97E-0 
4.89E-0 
4. 77E-0 
5.03E-0 

5 0 428-0 1 
5.71E-01 
5.52E-01 
5.S5E-31 
9.22E-01 
4.86E-31 
4.85E-Ol 
4.84E-01 
5.02E-01 

6.04E-01 
6.32E-01 
6 . 37 E-0 1 
6. 08E-01 
5-78E-01 
5.54E-01 
5 . 3 7E-0 1 
5.2OE-01 
5.16E-01 

FIG. 14. SAMPLE INPUT 
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1425,O 
1450.0 
1475.0 
1503.0 

J S 5 3 . 0  
1575.0 
1603.0 
1625.0 
1653.0 
1675.0 
1703.0 
1725.0 
1753.0 
1775.0 
1803.0 
1825.0 
1853.0 

1903.0 
1925.0 
1953.0 
1975.0 
2003.0 
2025.0 
2053.0 
2075.0 
2103.0 
2125.0 
2153.0 
2175.0 
2203.0 
2225.0 
2253.0 
2275.0 
2303.0 
2325.0 
2353.0 
2375.0 
2401.0 
2425.0 
2453.0 
2475.0 
2503.0 
2525.0 
2553.0 
2575.0 
2603.0 
2625.0 
2653.0 
2675.0 
2709.0 
2725.0 
2753.0 
2775.@ 
2803.0 
2825.0 
2853.0 
2875.0 
2903.0 
2925.0 

1525.0 

1875.0 

2.49;-01 4.60E-01 6 . Z l i  L - 7 ’ t ~ - O l  5.38E-01 5-38E-31 5-14E-01 
3-97E-01 5.69t-01 7.49E-01 7-68E-01 5-81E-01 5.65E-01 5-18E-01 
4.18E-01 6.27E-01 8.24E-01 8-49E-01 6.40E-01 5.94E-01 5.30E-01 
1.08: 00 1-25: 00 1.09E 00 9-*DE-01 8.07E-01 6.63E-01 5.25E-01 
1-65: 00 1.55E 00 1.14E DO 6-73E-01 5.62E-01 4-83E-01 4.30E-01 
1.42E 00 6.75E-01 5.39E-01 3-49E-01 2.76E-01 2.63E-01 2.77E-01 
4-515-01 2.02E-01 1.37E-01 1-18E-Ol 1-345-01 1.56E-01 1.73E-01 
6.035-02 5.38Z-02 8.63E-02 1 -12€-01  1-ZOE-01 1.2SE-01 l.lOE-01 
5.01:-01 2.52E-01 1.37E-01 1012E-Ol 1.31E-01 1-35E-01 l o l l € - 0 1  
7.30:-01 4.30E-01 2.50E-01 1.91E-01 1.71E-01 1.70E-01 1.35E-01 
1 -49?  00 5.06E-01 3.12E-01 2-38E-01 2-10E-01 2-01E-01 1.56E-01 
1-00‘ 00 5.53E-01 4.41E-01 3-40E-01 2-60E-01 2-2OE-01 1-73E-01 
8.02:-01 6.5AE-01 5.28E-01 4.11E-01 3.OOE-01 2.4OE-01 1.91E-01 

3.305-01 4.03E-01 4.00E-01 3.56E-01 3.18E-01 2-70E-01 2.26E-01 
2.50E-01 3.93E-01 3.87E-01 3.42€-01 3.01E-01 2.75E-01 2.42E-01 
1.47E-01 2.49E-01 3.13E-01 3.18€-01 2.91E-01 2.68E-01 2-50E-01 
9-101-02 2.52E-01 2.985-31 2.95E-01 2.69E-01 2.53E-01 2.47E-01 
5.8Oi-02 1.56;-01 2.14E-01 2.44E-01 2.44E-01 2.45E-01 2.38E-01 
3.70:-02 1.135-01 1.84E-01 2.1BE-01 2.14E-01 2-18E-01 2.22E-01 

5-80E-01 5.27E-01 4.56E-01 3.78E-01 3.22E-01 2.83E-01 2.095-01 

2.44:-02 1.08E-01 1.56E-01 1.88E-01 1.95E-01 2.0OE-31 2.06E-01 
1.62;-02 6.06E-02 9.76E-02 1.41E-01 1.66E-01 1.79E-01 1.855-31 
1.12:-02 4.25E-02 9.03E-02 1.33E-01 1.48E-01 1.56E-01 1.6t -01 

5.405-33 3.52E-02 6.20E-02 8.76E-02 l. lOE-01 1.18E-Gl 1.2 E - 0 1  
3.60:-03 2.52E-02 4.70E-02 7.056-02 8.88E-02 1.00E-01 L - l i E - 0 1  

7.8Oi-03 4.00E-02 7.65E-02 1.12i-01 1.29E-01 1-37E-01 1 -4 -  .-01 

2.60E-03 1.79E-02 3.53E-02 5.46E-02 7.24E-02 8.285-02 9.60E-02 
1-802-03 1-23E-02 2.70E-02 4.43E-02 6-O8E-02 6.86E-02 C .40E-O2 

8.80:-04 6.8OE-03 1.48E-02 2.75E-02 4.49E-02 5.21E-02 6.28E-02 

4.801-04 2.90E-03 8.75E-03 1-89E-02 3.29E-02 4-03E-02 4-55E-02 
4.05E-04 2.40E-03 6-65E-03 1.47E-02 2-71E-02 3.45E-02 3.98E-02 

3.85;-04 1.80E-03 4.75E-03 1.04E-02 1-91E-02 2.61E-02 3.12E-02 
3.90:-04 1.60E-03 4.20E-03 9-20E-03 1.68E-02 2-32E-02 2.90E-02 

1.27i.-03 8.50E-03 1.99E-02 3.78E-02 5.79E-02 6.40E-02 7.ZSE-02 

6.20E-04 4.00E-03 1.04E-02 2.14.5-02 3.74E-02 4.53E-02 5.30E-02 

3.86:-04 2.00E-03 5.41E-03 1.19E-02 2.27E-02 2.99E-02 3.50E-02 

4.00;-04 1.50E-03 3.87E-03 8.4OE-03 1.SOE-02 2.10E-G2 2.75E-02 
4.15:-04 1.402-03 3.595-03 7.68E-03 1.34E-02 1.89E-32 2.67E-02 
4.30t-04 1.40E-03 3.42E-03 7.04E-03 1-22E-02 1.71E-32 2-59E-02 
4.55F-04 1.3Oi-03 3.17E-03 6.46E-03 l . l l E - 0 2  1.57E-02 2.52E-02 

5.15F-04 1.30E-03 2.79E-03 5-36E-03 9.13E-03 1-45E-02 2.49E-02 
4.85E-04 1.30E-03 3.00E-03 5.91E-03 1.00E-02 1.46E-02 2.51E-02 

5.50:-04 1.3Oi-03 2.56E-03 4.83E-03 8.85E-03 1.45E-52 2.47E-02 
5 .95504  1.20E-03 2.24E-03 4.30E-03 8.80E-03 1.55E-02 2.48E-02 
6.40:-04 1.20E-03 1.99E-03 3.80E-03 8.85E-03 1.65E-02 2.49E-02 
6.80F-04 1.20E-03 1-51E-03 3-33E-03 9-04E-03 1.76E-SZ 2.51E-02 
7.40E-04 1.30E-03 1.58E-03 3.59E-03 9.87E-03 1.93E-02 2.53E-02 
7.95E-04 1.3Oi-03 1.70E-03 4.53E-03 1.05E-02 2.066-02 2.58E-02 
8.55E-04 1.30E-03 2.53E-03 5.88E-03 1.12E-02 2.14E-02 2.63E-02 
9.1OE-04 1.30E-03 3.24E-03 7-17E-03 1.24E-02 2.31E-02 2.70E-02 
9.90E-04 1.40E-03 3.06E-03 6.72E-03 1.33E-02 2.53E-02 2.80E-02 
1.06:-03 1.40E-03 3.19E-03 7.01E-03 1.37E-02 2.69E-02 2.95E-02 

1.222-03 1.60E-03 3.98E-03 8.57E-03 1.67E-02 3.10E-02 3.43E-02 
1.30E-03 1.7Oi-03 4.13E-03 1.OZE-02 1.95E-02 3.46E-02 3.78E-02 

1.59E-03 1.90E-03 4.365-03 1.02E-02 2.33E-02 4.10E-02 4.59E-02 

1.13:-03 1.50E-03 3.42E-03 7-54E-03 l.5OE-02 2.99E-02 3-18E-02 

1.45F-03 1.80E-03 4.13E-03 1.OlE-02 2.14E-02 3-70E-02 4.17E-02 

1-74E-03 2.00t-03 5012E-03 1.23E-02 2.67E-02 4-34E-02 5.00E-02 
1.95:-03 2 - 1 0 t - 0 3  5-39E-03 1.31E-02 2.94E-02 4.93E-02 5.50E-02 
2.13E-03 2.30E-03 5-99E-03 1.47E-02 3.27E-02 5-23E-ir2 6.02E-02 
2.38E-03 2.505-03 6-04E-03 1-55E-02 3.75E-02 6-03E-02 6.65E-02 

FIG. 14. 
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2953.0 2.602-03 
2975.0 2.82:-03 

3025.0 3.10:-03 
3053.0 3.402-03 
3575.0 7.3Oi-03 
3102.0 9.00:-03 

3003.0 2.95E-03 

3125.0 1.00E-03 
3153.0 6.4Ok-04 

3203.0 3.3OC-03 
3175.0 1.60:-03 

3225.0 4.10:-03 
3250.0 4.105-03 
3275.0 2.902-03 
3303.0 2.ZOr-03 
3325.0 2.20:-03 
3353.0 2.50E-03 

3403.0 4.20%:-03 
3425.0 6.00-103 
3 4 5 ~ ~ 0  9.401-03 

3503.0 3.607-02 

3553.0 1.33;-01 
3575.0 2.15:-01 

3375.0 3-:0;'03 

3475.0 1.65>-02 

3525.0 7.20:-02 

2.70t-03 6.53E-03 
3.00E-03 R.08E-03 
3.3Oi-03 9.57E-03 

4.00E-03 1.10;-02 
4.50E-03 1.42E-02 

5.10E-03 1.79E-02 
5.5OC-03 1.90E-32 

3.70E-03 1.03E-02 

4.80E-03 1.60E-02 

6.00E-03 2.39E-02 
7.006-03 2.85E-02 
8.606-03 3.59E-02 
1.03E-02 4.39E-02 
1.29E-02 5.29E-02 
1.61E-02 6. WE-02 
2.1ZE-02 
2.85E-02 
3.85t-02 
5 . 40 E-02 
7.70E-02 

1.'73€-01 
2.SOE-01 
3.7%-01 
4. Sl E-0 1 
5.00E-01 

1.17E-01 

7.93E-02 
1 .03E-0 1 
I .  Z9E-01 
1.65E-0 1 
2.09E-0 1 
2.8.1 E-0 1 
3.3 LE-5 1 
3.84E-01 
4.4OE-01 
4 .48E-O 1 
4 .  14E-01 

1.6812-02 4.14E-02 
2.12E-02 4.82E-02 
2 .44~-02  4.97~-02 
2.73E-02 6.00E-02 

4.00E-02 8.47E-02 
4.60E-02 9.28E-02 
5.40E-02 1.09E-01 
5.98E-02 1.14E-01 
7.95E-02 1.36E-01 
9.14E-02 1.53E-01 
1.05E-01 1.74E-01 
1.25E-0 1 I .  94E-0 1 
1.47E-01 2-ZOE-01 

3.01E-02 6062E-02 

1-71E-01 2.37C-01 
2-01 E-01 
2.4OE-01 
2.7ZE-01 
3,095-01 
3.43C -01 
3.72 E -0 1 
3.85t-01 
3.93E-01 
&.OPE-01 

3.41E-01 
3.90E-01 

3609.0 5.18f-Cl 4.50E-01 3.59E-01 Z.3bE-01  
3625.0 4.42t-01 4.005-01 3.61E-01 2.79E-01 
3653.0 4.73E-01 4.OSE-01 3.5lE-01 2-81E-01 
3675.0 5.68:-01 5.OlE-01 4.23E-01 3 - 1 5 i - 0 1  
3703.0 3.28<-01 7008E-01 6.42s-01-4.32E-01 
3725.0 6.17E-01 8.312-01 5.57E-01 3.20E-01 
3753.0 1.81E 00 lo96E-01 1.45E-01 1;Z lE-Ol  

3803.0 4.55F.-01 2.98E-01 1.95E-01 1.29E-01 
3825.0 7-60:-01 5003E-01 2.88E-01 1.54E-01 
3853.0 8.36;-01 5.84i-01 3.40:-01 1.84E-01 

3775.0 1.36E-01 1.24E-01 l.2OE-01 1.1915-01 

3875.0 8.4OE-01 7 . 2 8 ~ - 0 1  4.22E-01 2.36E-01 
3903.0 5.05C-01 5.00E-01 4.01E-01 2.76E-01 
3925.0 1.17;-01 4.00E-01 4.03E-01 3.15E-01 

3975.0 1.83E-02 2.05e-01 2.44E-01 2.35E-01 
3953.0 4 .60~-02  3.00E-01 3.27E-01 2.90E-01 

4003.0 7.30E-03 1.35E-01 1.70E-01 1.79E-01 
4025.0 3.105-03 7.9OE-02 1.05E-01 1.24E-01 
*053.0 1.4OE-03 4015E-02 6.125-02 8.86E-02 
'i375.0 6.401-04 1.97E-02 3.426-02 5.94E-02 
4L03.0 3.3OE-04 8.60E-03 1.79E-02 3.41E-02 

4153.0 7.20:-05 1.50E-03 6.Q8E-03 1-56E-02 
-175.0 3.45t-05 6.405-04 3.99E-03 1.30E-02 
4200.0 1.65E-05 2.606-04 2.75E-03 1.04E-02 
4225.0 7.702-06 1.12E-04 1.62E-03 7.75E-03 
4253.0 3.65k-06 4.806-05 1.lOE-03 6.53E-03 
a.75.0 1.705-06 2.1OE-05 8.66E-04 6.44E-03 
'-503.0 8.20k-07 9.00E-06 6.7lE-04 6016E-03 
.*>25.0 3-75E-07 3.80E-06 4.26E-04 4.66E-03 
4353.0 1-801-07 1.65E-06 3.8lE-04 4.86E-03 
4375.0 8.90t-08 7.20E-07 1.98E-04 3.74E-03 
4403.0 4.20E-08 3.00E-07 1.8tE-04 3.53E-03 

4453.0 1-00:-08 5.70E-08 7.4SE-05 2.68E-03 

4125.0 1.53E-04 3.60E-03 1.01E-02 2.ZZE-02 

4425.0 2.00E-08 1.30E-07 1.OSE-04 2.906-03 

FIG. 14. 
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2.68E-0 
2.9SE-0 

3. t9E-0 
3.32E-0 
3.44E-0 

3.1%-0 
2.94.5-0 
2.81E-0 
2.54E-0 

3.1ZE-0 

3.53E-0 

6.696-92 
7.73E-02 

9.13E-02 
9.72E-02 
1.09E-0 1 
1.19E-0 1 
1.35E-01 

r.69E-w 

1 0 4%-'J 1 
1.69E-0 1 
1.85E-01 
2.09E-01 
2.28E-0 1 
2.54E-01 
2.63E-J 1 
2.83E-JI 
2.9%-51 

3.07E-01 
3.145-01 
3-03E-01 
3. OOE-OL 
2.88E-01 
2.7lE-01 
2 0 57E-01 
2.3OE-Jl 

3.01E-01 

7.35E-'I2 
8 0 C 1E-02 
8.858-02 
9. 7OE-02 
1. '36E-Ol  
1.17E-01 
1.29E-01 
L.42E-0 1 
1.55E-01 
1.70E-01 
1.87E-01 
2.OZE-01 
2.ZOE-0 1 
2.4 LE-0 1 
Z.62E-0 1 
2.80.E-01 
Z.93E-0 1 
3.02 E-0 1 
3.98E-0 1 
3.OOE-01 . 
2.90E-01 

2.65E-0 1 
2.4 LE-01 
Z.2ZL-0 1 
2108E-01 

2.725-01 

2.652-01 2.lJE-Jl 2.01E-Oi 

2.38E-0 1 2.19E-Ol 2.13E-01 
2.43E-01 2.18E-31 2.00E-01 
2.68E-01 1.89E-01 1.50E-01 

2.33E-01 2.16E-01 2.1OE-01 

1.94E-01 1023E-01 1.13E-01 
1.24E-0 1 1.07E-01 1.08E-01 
1.15E-01 1.15E-01 1.09E-01 
1.23E-01 1.12E-01 1.ZZE-01 
1.29E-01 1.27E-01 1.36E-01 
1.6lE-01 1.46E-01 1.54E-01 
1.97E-01 1.67E-01 1.77E-01 
2.27E-01 1.92E-01 1.97E-01 

2.30E-01 2.OZE-01 2.07E-31 
1.95E-01 1.92E-01 1.90E-01 
1.59E-01 1.68E-01 1.61E-01 

1.03E-01 1.06E-01 1.04E-01 
8.01s-02 8.79E-02 8.60E-02 
5.03E-02 6.10E-02 7.lOE-02 
3.54E-02 4.61E-JZ f.98E-02 

2.26E-02 2.94E-02 4-LEE-02 

2-43E-01 2.02E-01 2.09E-01 

1 24E-0 1 1 34E-41 1032E-J 1 

2.58E-02 3.36E-02 4.991-02 

1.70E-02 2.34E-02 3048E-02 
1 3 2E-02 1 97E-02 2 - 8 7E-02 

9.33E-03 1. 41E-02 1 89€-02 
8.34E-03 L.22E-02 1.50E-02 

1.09E-02 1.66E-02 2.36E-02 

7.3bE-03 1.12E-02 1.26E-02 
7.09E-03 1.05E-02 1.19E-02 
6.68E-03 1.03E-02 1- 18E-02 
5.96E-03 1-OOE-02 1.23E-02 

5 84E-0 3 9 9 LE-03 1 0 34E-02 
5.93E-03 9.83E-03 1.28E-02 



4475.0 4.00E-09 2.50E-08 6.35E-05 3.166-03 6.43E-03 1.01E-02 1.42E-02 
4503.0 2.00t-09 1-1OE-08 3.95E-05 2-64E-03 6.03E-03 1.06E-02 1.51E-02 
4525.0 1.00E-09 5.00E-09 2.44E-05 2.01E-03 6-13E-03 1.14E-02 1.62E-02 
4553.0 4.00:-10 5.5OE-09 2.17E-05 2.19E-03 6-77E-03 1.21E-02 1.73E-02 
4575.0 2.005-10 1.1OE-08 3.02E-05 2.306-03 7.55E-03 1-30E-02 1.87E-02 
4603.0 1-00E-10 2.30E-08 4-39E-05 2.59E-03 7-94E-03 1-41E-02 2.02E-02 
4625.0 1.00E-10 4.70E-08 5.73E-05 2.85E-03 8.28E-03 1-54E-02 2.23E-02 
4653.0 1.OOC-10 1.0Oi-07 7.77E-05 2.90E-03 9-80E-03 1-80E-02 2-46E-02 
4675.0 3-00:-10 2.lOi-07 l.lSE-04 3.84E-03 1-OS€-02 2-13E-02 2.70E-02 
4700.0 9.005-10 4.30’-07 1.62E-04 4.28E-03 1.19E-02 2.43E-02 3.00E-02 
4725.0 2.00E-09 8.80E-07 2.60E-04 5.67E-03 1.39E-02 2.76E-02 3.38E-02 
4753.0 5.00:-09 1.75E-06 4-06E-04 8.29E-03 1.66E-02 3-13E-02 3.70E-02 
4775.0 1.00E-08 3.70E-06 7.83E-04 1.02E-02 1.86E-02 3.41E-02 3.99E-02 
4803.0 2.50E-08 7.50E-06 6.66E-04 1.2lE-02 2.29E-02 3-7RE-02 4.22E-02 
4825.0 6.30:-08 1.53i-05 1.50E-03 1.76E-02 2.58E-02 4.04E-02 4-40E-02 
4 8 5 3 . 0  1.65E-07 3-15E-05 2.33E-03 2-235-02 3.02E-02 4-30E-02 4.58E-02 
4875.0 4-15-07 6.30E-05 3.62E-03 2.976-02 3.58E-02 4-59E-02 4-65E-02 
4903.0 1.07F-06 1.45E-04 4.755-03 3-21E-02 4.17E-02 4-93E-02 4.73E-02 
4925.3 2.75t-06 2.90E-04 6.72E-03 3.54E-02 4.50E-02 5.07E-02 4.78.E-02 
4953.0 6.705-06 6.00Z-04 8.57E-03 3-82E-02 4.92E-02 5-27E-02 4.78E-02 
4975.0 1.65;-05 1.45E-03 1.2t-E-02 4-17E-02 5.035-02 5-23E-02 4.73E-02 
5003.0 4.20~-05 2.9Oi-03 1.76E-02 4-675-02 5.20E-02 5.26E-02 4.60E-02 
5025.0-1-151-04 5.30:-03 2.28E-02 4-99E-02 5.23E-02 5.10E-02 4.47E-02 
-5053.0 3.20;-04 8.6Ot-03 2.84E-02 5.28t-02 5.13i-02 4.92E-02 4.30;-02 
5075.0 8.20:-34 1.3Ot-02 3.54E-02 5.59E.-02 5.005-02 4.69E-02 4.15E-02 
5103-0 2.00:-03 1.981i-02 4-15E-02 5.575-02 4-80E-02 4-52E-32 4.306-02 
5125.0 4.30--03 2.82E-02 4-25F-02 4.95€-02 4.51E-02 4.305-02 3.90E-tZ 
5152.0 9.00E-03 3.902-02 4-53E-02 4.49E-02 4.30:-02 4.23E-32 3.R5E-02 
5175.0 1.ROt-02 4.62t-02 4.28E-02 3-91E-02 4.035-02 4-15E-02 3.93E-02 
5205.0 3.48~-02 7.10t-02 4.46E-02 3.63E-02 3.84E-02 4.14E-92 4.05E-02 
5225.0 7.18t-02 5.90E-02 4.29E-02 3.60k-02 3.76E-02 4.20E-92 4.18E-02 
5253.0 1.115-01 3.685-02 3.46s-02 3.69i-02 4.09F-02 4.54E-02 4.34E-02 
5275.0 3.29:-02 2.85E-02 3.47s-02 4.23E-02 4-616-02 4-82E-G2 4-50E-02 
5303.0 2.81E-02 Z.70E-02 3-93E-02 5.05E-02 5-29E-02 5-11E-02 4.62E-02 
5325.0 1.21;-01 4.22E-02 5.52E-02 5.98E-02 5.72E-02 5.44E-02 4.70E-02 
5353.0 1.392-01 1.05:-01 8.50E-02 6.87E-02 5.93E-02 5.60E-32 4.ROE-02 
5375.0 7.74--02 7.1OF-02 6.42E-02 6.1RE-02 5.56E-02 5.34E-02 4.78E-02 
5400.0 8.58F-02 4.83:-02 5.24E-02 5.47s-02 5.03E-02 4.95E-02 4.60E-02 
5425.0 9.85’.-02 5.75;-02 5.53E-02 5.10E-02 4.51E-02 4.49E-92 4.2SE-02 
545?.0 9-96:--02 6.82t -02  5-66f-02 4.89k-02 4.54E-02 4.46E-02 4.00E-02 
5475.0 6.80:-02 6 . 8 0 ~ - 0 2  5.82E-02 4.95E-02 4.60E-02 4-585-02 4-052-02 
5503.0 3.25?-02 5.205-02 5.18E-02 4.83E-02 4.49E-02 4-54E-52 4.18E-02 
5525.0 1-50!-02 3.502-02 4.31E-02 4.64E-02 4.52E-02 4.49E-92 4.38E-02 
5553.0 6.20;-03 2.385-02 3.425-02 4.08E-02 4.14E-02 4.17E-02 4.2OE-02 
5575.0 2.7OC-03 1.58t-02 2.57E-02 3.39E-02 3-66E-02 3.84E-02 4.OOE-02 
5605.0 1.13E-03 1.01F-02 1.83E-62 2.63E-02 3.03E-02 3.33E-02 3.60E-02 
5625.0 4.605-04 5.90t-03 1.29r-02 2.ObE-02 2.47E-02 2.86E-32 3.20E-02 

5675.0 6.60:-05 1.305-03 5.42E-03 1.24E-02 1.66E-02 2.07E-02 2.50E-02 
5703.0 2.70:-05 4.00E-04 3.07E-03 9.34E-03 1.30E-02 1.76E-02 2.2Oi-02 
5725.0 1.lOF-05 5.50E-05 1.415-03 7.35E-03 1.02E-02 1.48E-02 1.90t-02 
5753.0 4.55”-06 1.45~-05 1.57E-04 5.92E-03 8.01E-03 1-23E-02 1.70E-02 
5775.0 1.88‘1-06 1.68C-05 6.21E-04 4.65E-03 6.11E-03 1.05E-02 1.50E-02 
5803.0 6.7OF-07 1.91E-05 4.76E-04 3.21E-03 4.52E-03 8.84E-03 1.3GE-02 
5825.0 3.25~-07 2.2Oi-05 4.50:-04 Z.53E-03 3.44E-03 7.50E-03 1.2OE-02 
5853.0 1.30E-08 2.50E-05 4.27E-04 2.23E-03 2.93E-03 6.50E-03 1.05E-02 
5875.0 5.8Oi-09 2.88f-05 3.5YE-04 1.56L-03 2.36E-03 6.20E-03 9.80E-03 
5903.0 2.30:-09 3.306 - -  1.82E-04 1.83E-03 2.70E-03 6.51E-03 9.40E-03 

5653.0 1.85:-04 3.10t-03 8.72E-03 1.61E-02 2.03E-02 2.44E-02 2-80E-02 

5925.0 1.OOE-09 3.75~ , . 447-04 1.55E-03 2.87=-03 6.00E-03 9.36E-03 
5957.0 4.0GE-15 4.30E-rd 3.16E-04 1.31E-03 3.00E-03 7-07E-03 9.25E-03 
5975.0 1.501-10 4.95:-05 3.00E-04 1.48E-03 3.02E-03 7-21E-93 9.30E-03 
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6009.0 5.ooE-io 
6025.0 2.OOE-LO 
6053.0  4.OOf-10 
6075.0 6.00E-LO 
6103.0 1.OOE-09 
6125.0 1.80E-09 
6150.0 3.30~-09 
6175.0 6.005-09 
6203.0 1.00E-08 
6225.0 1.85t-08 
6253.0 3.2SE-08 
6275.0 5.60E-08 
6303.0 1.005-07 
6325.0 1.8OE-07 
6353.0 3.25i-07 
6375.0 5.705-07 
6403.0 1.02E-06 
6425.0 1.80E-06 
6453.0 3.2Oi-06 
6475.0 5.80;-06 
6500.0 1.021-05 
6525.0 1.80:-05 
6553.0 3.25:-05 
6575.0 5.705-05 
6600.0 1.00E-04 
6625.0  1.70€-04 
6653.0 3.20:-04 
6675.0 6.00:-04 
6703.0 9.005-04 

6753.0 1.52'-03 
6775.0 1.85E-03 
6803.0 2.202-03 
6825.0  2.555-03 
6853.0 2.9OE-03 

6725.0 1.21E-03 

6875 0 3.20F-03 
6903.0 3.60t-03 
6925.0 4.00E-03 
6953.0 4.60;-03 
6975.0 5.3Oi-03 
7000.0 6.20~-03 
7025.0 7.60;-03 
7053.0 9.80:-03 
7075.0 1.32:-02 
710J.O 1.90'-02 
7125.0 2.40'-02 
7153.0 2.88;-02 
7175.0 3.23L-02 
7200.0 5.70E-02 
7225.0 2.16~-01 
7253.0 1.26E-01 
7275.0 I.  17E-02 
7300.0 1.40~-02 
7325.0 4.25E-02 
7353.0 6.40E-02 
7375.0 3.85E-02 

7425.0 I .  70;-02 
7453.0 1.61E-02 
7475.0 1.45E-02 
7503.0 9.00E-04 

7403.0 1.825-02 

5.6OE-35 2.74E-04 1.12E-03 3.14E-03 
6.45E-05 2.58E-04 1-05E-03 3.38E-03 
7.35E-05 2.30E-04 7-92E-04 3.50E-03 
8.5OE-05 3.40E-04 1.32E-03 3.72E-03 
9.65t-05 4.40E-04 1.81E-03 3.95E-03 
1.13E-04 5.09E-04 1.52E-03 4.17E-03 
1.28E-04 6.19E-04 1.84E-03 4.78E-03 
1.47E-04 6.93E-04 1.97:-03 5.18E-03 

1.91E-04 9.796-04 3.58E-03 5.93E-03 
2.20E-04 1.15E-03 4.43E-03 6.496-03 

2.85E-04 1.26E-03 4.58E-03 7.51E-03 

3.80E-04 1.44E-03 5.02E-03 8.746-03 

1.67E-04 8.27E-04 2.72E-03 5.44E-03 

2.50E-04 1.2lE-03 4.4OE-03 7-LlE-03 

3.30E-04 1.4lE-03 5.58E-03 8.10E-03 

4030E-04 1.53E-03 4.43E-03 9.bZE-03 
4.95f-04 1.93E-03 5.03E-03 L-OOE-02 

6.50E-04 2.63E-03 6.27E-03 1.14E-02 
5.65E-04 2.49E-03 7.89E-03 1.08E-02 

7.45E-04 3.08E-03 7.44E-03 1.25E-02 
8.4OE-04 3.21E-03 8.41E-03 1.39E-02 
9.80E-03 6.94E-03 8.86E-03 1.48E-02 
1-iOE-03 3.87E-03 1.07E-02 1.55E-02 
1.30;-03 4.27E-03 1-08E-02 1.69E-02 
1.50E-33 5.98E-03 1.32E-02 l.78E-02 
l.7OE-03 6.12E-03 1.40E-02 1.90E-02 
1.90E-03 6.20E-03 1.43E-02 2.02E-02 
2.20E-03 5.31E-C3 1.52E-02 2.12E-32 
2.50E-03 6.38E-03 1.72E-02 2.22E-02 
2.8OE-03 8.85E-03 1.82E-02 2.32E-02 
3.305-03 1.OLE-02 1-96E-02 2.4OE-02 
3.70f-03 1.05E-02 2.02E-02 2.55E-02 
4.30E-03 1.19E-02 2-LEE-02 2.66E-02 
S-OOE-03 1.39E-02 2.39E-02 2.80E-02 
5.80~-03 1.59E-02 2.70E-02 3.06E-02 
6.706-03 1.67E-02 2.81E-02 3.24E-02 
8.80E-03 1.84E-02 2.84E-02 3.29E-02 
9.2OE-03 1.97E-02 2-99E-02 3.33E-02 
1.08E-02 2.26E-02 3,266-02 3.48E-02 
1.28E-02 2.53E-02 3.446-02 3.40E-02 
1.526-02 z.a3~-02 3.60~-02 3.35~-02 

2.7lE-02 3.59E-02 3.6OE-02 3.12E-02 

1.826-02 2.90E-02 3.51E-02 3-32E-02 
2.22E-02 3.326-02 3.75E-02 3.27E-02 

3.35E-02 3.89E-02 3.52E-02 3.01E-02 
4.32E-02 4.11E-02 3.35E-02 2.80E-02 
5.70E-02 4.54E-02 3.22E-02 2.54E-02 
7-406-02 4.64E-02 3.01E-02 2.37E-02 

6.806-02 4.03E-02 2.62E-02 2.12E-02 
4.75k-02 3.69E-02 2.68E-02 2.14E-02 
3.69E-02 3.12C-02 3.00E-02 2.41E-02 

4-18E-02 4.32E-02 3.54E-02 2.96E-02 

3.85E-02 3.82E-02 3.04E-02 2.62E-02 
1.796-02 2.60E-02 2.59E-02 2.16E-02 
8.10E-03 1.62E-02 1.98E-02 1.76E-02 

8.90E-02 4.65E-02 2.802-02 2.208-02 

3.70t-02 3.98E-02 3.29E-02 2.68E-02 

4.60E-02 4.36E-02 3.516-02 3.075-02 

3.706-03 9.87E-03 1.50E-02 1.44E-02 
1.70E-03 6.16E-03 1.13E-02 1.18E-02 
1.40E-0 3 4. f2 E-03 8.22 E-03 8.24E-03 

FIG. 14. 
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7.40E-03 9.50€-03 
7.49E-03 9.70E-03 
7 6 LE-33 1 OOE-0 2 
7.79E-03 1.03E-02 
7.91E-03 1.05E-02 
8.14E-03 1.10E-02 
8.53E-03 1.13E-02 
8.98E-03 1.19E-02 
9.44E-03 1.25E-02 

1.07E-02 1.3SE-02 

1.20E-02 1.50E-02 
1.28E-02 1.57E-02 

1.42E-02 1.72E-02 
1.51E-J2 1.80E-02 
1.58E-02 1.91E-02 
1.67E-02 2.00E-02 

1.85.5-02 2.22E-02 
1.97E-02 2.33E-02 

1.00E-02 1.30E-02 

1-13E-02 1.43E-02 

1 3 3E-02 1 64 E-02 

1.77E-02 2.llE-02 

2.07E-02 2.44E-02 
2.17E-02 2055E-02 
2.27E-02 2.67E-02 
2.37E-02 2.76E-02 
2.49E-02 2.876-02 
2.60E-02 2.76E-62 
2.68E-02 3.05E-02 
2.74E-02 3.13%-02 
2.80E-02 3.20E-02 

2.95E-02 3.35E-02 

3.12E-02 3.43E-02 
3.23E-02 3.45E-02 

2.88E-02 3.296-02 

3.01E-32 3.39E-02 

3.27E-02 3043E-02 
3.30E-02 3.411-02 

3.27E-02 3.33E-02 
3.34E-02 3.396-02 

3.19E-02 3.25E-02 
3.10E-02 3.13E-02 
2.99E-02 2.99E-02 
2.84E-02 2.83E-02 

2.6lE-02 2.43E-02 
2.39E-02 2.23E-02 
2.19E-02 2.08E-02 

1.93E-02 1.90E-02 

2.79E-02 2.63E-02 

2.00E-02 1.99E-02 

1.969-02 1.87E-02 
2.09E-02 2.OOE-02 
2.296-02 2.24E-02 
2.52E-02 2.43E-02 
2.65E-02 2.60E-02 
2.33E-J2 2.60E-02 
1.95E-32 2.40E-02 
1.67E-02 2.1OE-02 

1.18E-02 1.50E-02 
8.746-03 1.20E-02 

1-42E-02 1 OBOE-02 
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7525.0 0.00f-39 1.00E-03 2.72E-03 4.99E-03 5.76E-03 6.42E-03 8.00E-03 
7553.0 0,005-39 7.60E-04 2.12.E-03 3.57E-03 4.OlE-03 4.72E-03 6.00E-03 
7575.0 0.00i-39 5.60E-04 1.50E-03 2.45E-03 3-23E-03 3-60E-03 5.00E-03 
7603.0 0.OOI-39 4.10€-04 9.98E-04 1-9OE-03 2.57E-03 2.78E-03 4.20E-03 

7653.0 0-0t ’ -39 2.3r)E-04 6.23E-04 1.01E-03 2.71E-03 2.20E-03 3.40E-03 
7673.0 0.00!-39 1.70E-04 5.31E-04 9 - 5 0 i - 0 4  2.02E-03 1.80E-03 3-2Oi-03 
7703.0 0-OOC-39 1.20E-04 3.4lE-04 8-50E-04 1.33’-03 1.93E-03 3.00E-03 
7725.0 0.00,-39 9.00E-05 2.69E-04 6-57E-04 1.78E-03 1-94E-03 2.90E-03 
7753.0 O-OOF-39 6-60E-05 1.77E-04 3-43€’-04 1.56E-03 1.96E-03 2.90E-03 

7803.0 0.005-39 3.60E-05 1.06E-04 4.OOE-04 1-59E-03 Z.60E-03 2-95E-03 
7825.0 0.0Oi-39 2.60E-05 9.OOE-05 3-63E-04 1.60E-03 2-59E-03 3.00E-03 
7853.0 0.00‘-39 1.90E-05 7.84E-05 3-09E-04 1.47E-03 2.49E-03 3.03E-03 
7875.0 0.00F-39 1.45E-05 5.70E-05 1.89E-04 1 - 3 5 i - 0 3  2.44E-33 3.10E-03 
7903.0 0.00i-39 1.65E-05 6.02E-05 2.30E-04 1.41E-03 2-59E-03 3.20E-03 
7925.0 0.002-39 1.72E-05 5.64E-05 1.89E-04 1.48E-03 2.68E-03 3.30E-03 
7950.0 0.00‘-39 1.80€-05 6.21E-05 1.91E-04 1.64E-03 2.80E-03 3.40E-03 
7975.0 0.00:-39 1.90E-05 6.65E-05 1.97E-04 1.66E-03 2.84E-03 3.55.E-03 
8000.0 0,OOE-39 Z.OOE-05 6.87E-05 1.96E-04 1.52E-03 2.93E-03 3.65E-03 
8025.0 0.00t-39 2.10E-05 8.15E-05 2-88E-04 1.78E-03 3.14E-33 3.80E-03 

7625.0 0.00E-39 3.00E-04 7.43E-04 1.36E-03 2.12E-03 2.2lE-03 3.70E-03 

7775.0 0.00:-39 4.90E-05 1.46E-04 3.67E-04 1.48E-03 1.95E-53 2.91E-03 

8053.0 0.001-39 2.20E-05 9.87E-05 4.21E-04 1.89E-03 3.305-03 4.00E-03 
8075.0 0.00.-39 2 . 3 5 ~ - 0 5  1.15E-04 5.10E-04 2.32E-03 3.51E-03 4.10E-03 
8103.0 0.00E-39 2.45E-05 1.17E-04 4.20:-04 2.49E-03 3.34E-33 4.20E-03 
8125.0 0.00.-39 2.6OE-05 1.43E-04 5.29E-04 2.43E-03 3.46E-53 4.40E-03 
8153.0 0.001-39 2.70f-05 1.33E-04 4.94E-04 2.29E-03 3.53E-33 4.57:-03 
8175.0 0.0GE-39 2.85E-05 1.68E-04 7.75E-04 2.59E-03 3.66E-03 4.68E-03 
8200.0 0.00’-39 3.00E-05 1.81E-04 1.08E-03 2.765-03 3-81E-03 4.79E-03 
8225.0 0.00:-39 3-15E-05 2.14E-04 1.21:-03 3-04E-03 3.87E-33 4.85E-03 
8253.0 0.00‘-39 3.30E-05 2.05E-04 9.ZOE-04 2.92E-03 3.93E-33 4.90E-03 
8275.0 0.00;-39 3.50E-05 2.62E-04 1-6OE-03 3.42E-03 3.43E-03 4.99E-03 
8 3 0 3 . 0  O-OOI-39 3.70E-05 2.30E-04 1.17E-03 3.62E-03 4-28E-03 5.00E-03 
8325.0 0.00:-39 3.90E-05 2.40E-04 1.03E-03 3.52E-03 4.35E-03 5.01E-03 
8352.0 O-OOL-39 4.13E-05 2.48E-04 1.03E-03 3.64E-03 4.49E-03 5.02E-03 

8403.0 0.00E-39 4.50E-05 3.06E-04 1.60E-03 3.97E-03 4.60E-03 5.OOE-03 
8375-0 0.00,‘-39 4.30E-05 Z.8ZE-04 1.4OE-03 3.84E-03 4.59E-03 5.01E-03 

8425.0 0-00;-39 4.1Ok-05 3.03E-04 1.35E-03 3.86E-03 4.58E-03 4.99E-03 
8453.0 0-OCt-39 3.70E-05 3.27E-04 1.56E-03 3.94E-03 4-57F-03 4-95E-03 
8475.0 0.0Gi-39 3.40E-05 3.11E-04 1.48E-03 3.88E-03 4.55E-03 4.906-03 
8500.0 0.00:-39 3.10E-05 2.85E-04‘ 1.41E-03 3.69E-03 4.40E-03 4.80E-03 
8525.0 0.00:-39 2.85E-05 2.98E-04 1.48E-03 3.67E-03 4.36E-03 4.75E-03 
8553.0 0.00’-39 2.10t-05 2.75E-04 1.52E-03 3.69E-03 4.34E-03 4.63E-03 
8575.0 0.00:-39 2-40E-05 2.72E-04 1.42E-03 3.65E-03 4-33’-33 4.55E-03 
8603.0 0.00--39 2.20E-05 2.56E-04 1.41E-03 3.64E-03 4.25E-03 4.43E-03 
8625.0 0.00t-39 2.00E-05 2.62E-04 1.59E-03 3.80E-03 4.24E-03 4.33E-03 
8653.0 0.OOi-39 1.80E-05 2.48E-04 1.43E-03 3.61E-03 4.13E-03 4.205-03 
8675.0 0.00:-39 1.75E-05 2.18E-04 1.38E-03 3.55E-03 4.07E-03 4.08E-33 
6753.0 0.005-39 1.50E-05 1.99E-04 1.29E-03 3.39E-03 3.86E-03 3.95E-03 
8725.0 0.00E-39 1.40E-05 2.01E-04 1-25E-03 3-33E-03 3.76E-03 3.80E-03 
6753.0 0 -00 t -39  1.25E-05 1.99E-04 1.23E-03 3-21E-03 3.60E-03 3.67E-03 
8775.0 0.00~-39 l.lSE-05 1.67E-04 1.17E-03 3.07E-03 3.43E-03 3.51E-03 
8803.0 0.00t-39 1.05E-05 l.7OE-04 1.14E-03 2.96E-03 3.27E-03 3.38E-03 
8825.0 0.00E-39 9.60E-06 1.54E-04 1.085-03 2.87E-03 3.15k-03 3.23E-03 
8850.0 0-OGC-39 8.80E-06 1.51E-04 1.OOE-03 2.69E-03 2.97E-03 3.10E-03 

8903.0 0.00E-39 7.40E-06 1.21E-04 9.18E-04 2.445-03 2.65E-33 2.80E-33 
8875-0 0.3Oi-39 8.00E-06 1.51E-04 9.79E-04 2.58E-03 2.81E-03 2.95E-03 

8925.0 0.00E-39 6.70E-06 1.25E-04 8.58E-04 2.27E-03 2.48E-03 2.68E-03 
8953.0 0-00E-39 6.10E-06 1-16E-04 7-42E-04 2.08E-03 2-32E-03 2.53E-03 
8975-0  0.00E-39 5.60E-06 1.00E-04 6-26E-04 1.88E-03 2.15E-03 2.40E-03 
9003.0 0.00E-39 5- lOE-06 8.65E-05 5-01E-04 1.62E-03 1.92E-03 2.38E-03 
9025-0  0-00E-39 4.7OE-06 6.96E-05 3.09E-04 1.28E-03 1.64E-03 2.18E-03 
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9053.0 
9075.0 
9103.0 

9150.0 
9175.0 
9203-0 
9225.0 

9275.0 

9125.0 

9253.0 

9303.0 
3325.0 
9350.0 
9375.0 
9400.0 

9450.0 

9500.0 
9525.0 

9575.0 

9425.0 

9475.0 

9550.0 

9600.0 
9625.0 
9650.0 
9675.0 
O?OO,O 
9725.0 
9rso.o 
9775.0 
9800.0 
9825.0 
9850.0 
9875.0 
9900.0 
9925.0 
9950.0 

10000.3 
10025.3 
10050.0 
10075.3 
l(r100.3 
lG125.3 
10150.3 
10175.3 
10200.3 
10225*3 
10250.3 
10275,. 3 
10300. 
10325.3 
10350.3 
10375.3 

9973.0 

10400.3 
10425.3 
10450.3 
10475.3 
10500.2 
10525-3 
10550.3 

0-005-39 4.30E-06 6.46E-05 2.79E-04 

0.00E-39 3.60E-06 5.39E-05 2.14E-04 

0-00E-39 3.00E-06 2.62E-05 2.00E-04 

0.00E-39 3.90E-06 5.85.5-05 2.52E-04 

0.00539 3.2SE-06 3.18E-OS 1.S6E-04 

0.OOE-39 2.70E-06 1.12E-05 4.01E-05 
0.00E-39 2.50E-06 9.08E-06 3.05E-05 
OO00E-39 2.30.5-06 5.74E-06 2.LlE-05 
0.OOL-39 2.4015-06 5.31E-06 2.30E-05 

0.00f-39 2.60E-06 6.38E-06 S.00E-OS 
0.00E-39 2.50E-06 4.80E-06 4.80E-05 

1.14E-03 1.49E-03 2.07E-03 

8.73E-04 l.lEE-03 1.87E-03 
7.37E-04 1.OSE-03 1.79E-03 

1.01E-03 1-33E-03 1.97E-03 

b.21E-04 9-71E-04 l.7lE-03 
4.72E-04 8.69E-04 1.63E-03 

3.62E-04 7.7515-04 1.49E-03 
3.28E-04 7.90E-04 1043E-03 
3.42E-04 l.lbE-03 1.38E-03 
3.48E-04 1-llE-03 1.33E-03 

4.07E-04 8.07E-04 1.56E-03 

FIG. 14. 
(con t i n ue d 1 

83 



- -  

10575.3 
10600.3 
10625.3 - 
10650.5 
10675.3 
10700.3 
10725.0 
10750.3 
13775.3 
10A00.3 
10825.3 
10850.3 
10875.3 
10900.0 
10925.1 
10950.3 
10975.3 
11000.3 
500.0300 
525.0000 
550.0000 
575.0300 
6 00 - 0 3 00 
625.0000 
650.0300 
675.0300 
700.0000 
725.0000 
150.0300 
775 -0330 
800.0300 
825.0390 
850.0300 
875.0300 
900. 
925. 

975. 
1003. 
1025. 

959. 

1053. 
1075. 
1139. 
1125. 
1150.0000 
11 75.0300 
1230.0 100 
1225.0330 
1250.0300 
1275.0000 
1300.0330 
1325. 0000 
1350.0330 
1375.03i10 
1400.0300 
1425.0000 
1450-0?00 
1475.0300 
1500.0900 
1525.0300 
1550.0300 

0 
0 
0 
0 

-1200 
.1750 

3.4500 
3.6000 
.5500 
.0720 
0230 

0 
0 
0 
0 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 

.0205 
-1650 
.3800 

2.8200 
3.1000 
l.ZOO0 
-3000 
. 07  80 
-0140 

0 
0 
0 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

.0245 

.0540 
-2453 
.6352 

2.2087 
3.2990 
1.4076 
.6420 
-1915 
* 077 1 
-0199 

0 
0 
0 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

FIG. 

.0105 .0474 

.0380 

.0970 

.1450 

.3200 

.I 7900 
1.7200 
2.9000 
1.4700 
1.0000 
.4100 
.2050 
-0950 
- 0 5  10 
-0350 
,0240 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 .  
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

14. 
(continued) 

.0909 
,1761 
- 3 1 5 4  
5007 

.a449 
-5026 
.5118 
-4563 
.2170 
-6640 
-3351 
.1e74 
-1040 
,0706 
.0b04 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 
0 
0 
0 
0 
0 
0 
0 
G 
0 
0 
0 
0 
0 
0 
0 
0 

-0992 -1347 
.0b77 .122 
-1808 .234 
.5972 .38 
- 5 2  
.a277 .85 

1.4882 1.5533 
2.7910 -195 
1.1448 .E333 
1.2502 1.0667 
.9534 1.3567 
-4543 .6067 
-2945 -4733 
.1456 .2993 
-0957 .2433 
.lo08 .2140 

0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0. 
0 u 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 



1575.0300 

162500300 
1650*0300 
16 75 0300 
1700~0000 

1750.0300 
177% 0000 
1800.0000 
1825~0000 
1850.0300 
1875.0300 
1900~0000 
1925.0000 
L950.0000 
1975.0000 
2000.0000 
2025.0300 
2050.0000 
2075.0000 
2100.0300 
21 25.0000 
2150.0300 
21 75.0300 
2200. 0. 
2225- 
22SQ.QVOO 
2275 0000 
2300 0000 
2325.0000 
2350*0000 
2375.0000 
2400*0000 
2425.0000 
2450.0000 
2+75.0300 
2500~0000 
2525.0000 
2550.0600 
2575i,0300 
2600. 
2625- 
2650. 
1675. 
7 700. 
2725. 
2750. 
2775. 
2800. 
2825. 
2850. 
2875. 
2900. 
2925. 
2950. 
2975. 
3000*0 
302S- 
3050.0 
3075. 

1600.0000 

1725.0000 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 3 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 e0032 -0692 
0 0 0 0 0 -0069 .1476 
0 0 0 0 0 -0106 -2259  
0 0 0 0 -0061 00966 -4408 

0 0 0 -0019 00449 -4248 1.1590 
0 0 0 .0037 -0742 -6618 1.6620 
0 0 0 -0278 -3449 1.3288 2.6560 
0 0 -0013 e0520 -6156 1.9899 3.6510 
0 0 0 -2866 1.5058 3.5294 5.4830 

0 0 0 1.3720 4.3207 701383 0.6700 

0 0 0 0 ,0157 .le15 .6558 

0 0 0 .5212 2.3961 5.0688 7.3150 

.a 0-3 -2160 3-130 7.:236 9.718 i0.66 
0.0 -01767 1.2202 6.629 10.404 12.45 12.01 

0 -2829 4.9063 11.6800 14.0028 13.8074 12.3600 
e0206 2.8160 11.9854 17.2600 16.2874 14.4967 12.1600 
1.8960 15.5000 21.9877 20.4200 17.4766 15.3763 13.1700 

36.6000 35.5200 26.0571 20.3400 16.1073 12.6535 9.2910 
11.3800 20.8200 23.6476 20.2800 14.5780 10.4754 7.1760 
24.1000 34.3600 25.1520 14.4600 8.7566 5.4816 2.6530 

0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 
0 0 0 0 0 0 0 

0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0 .0  0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 
0.0 0.0 0.0 0.0 0.0 0.0 0.0 

0.0 0.0 0.0 0.0 0.0 -00044 -0147 

0.0 0.0 0.0 0.0 0.0 -001 .02582 

0 0 0 0 0 .0005 ,0117 

0 0 0 0 0 -0010 -0203 

FIG. 44. 
(con t i n u ed ) 

85 



3100.0 
3125.0 
3150.0 
3175. 
3200.0 
3225. 
3250.0 
3275. 
3300.0 
3325. 
3350.0 
3375. 
3400.0bOO 
3425.0530 
3450.0jOO 
3475.0300 
3500.0J00 
3525.0300 
3550.0300 
3575. O J O O  
3600.0300 
3625.0300 
3650.0000 
3675.0300 
3700.0300 
3725.0330 
3750.0300 
3775.0500 
1500.030C 
1525.0300 
1550.0500 
1575.0300 
1600.0300 
1625.00(10 
1650.0303 
1675.0300 
1700.ODOO 
1725.0300 
1750.0300 
1775.0300 
1800.OD00 
1625.03UO 
1850.0300 
1875.0300 
1900.0300 
1925.0500 
1950.0500 
1975.030@ 
2000.03ir0 
2025. OOGO 
2350.0COO 
2275.0300 
2100.0300 
2125.0900 
2150.01)GO 
2175.0300 
2200.0000 
22 25.0 :r u 0  
2250.0500 
2275.0300 
2300.0300 

0 
0 
0 

0 

0 

0 

0 

0 
0 
0 
0 
0 

.0013 

.02 12 

.1106 
,6342 
.E115 
.0071 
.08 59 
.a999 

1.1590 
.0454 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 

.0088 

.lo77 
-1099 

2.0550 
2.4149 
1.2083 
3.5836 
1.4715 . 1396 - 0023 

0 
0 

0.0 

0.0 

0.G 

0.0 

0.0 

0 
0 
0 

0 

0 

0.0 

0.0 

0.0 
0 

0 

0 
0 

-0004 
.0037 
.oleo 
.0685 
.1684 
.2716 
.4255 
.3494 
.1127 
.2671 
.6584 
.5998 
.3965 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.0011 

.0022 

.0280 

.0537 

.0220 

.58 14 
1.0989 
1.8481 
1.0989 
.6300 

2.4248 
2.1995 
.E710 
.1399 - 0069 

0 

0.0 

0.0 

0 0 -0008 -0095 -0336 
0 0 -0016 -0152 -0443 
0 0 ,0023 -0209 -0551  

.0003 0 -0086 -0381 .OB34 
0.0 .00004 .0048 -03035 ,07431 

0.0 ,00052 -01313 -05282 .lo62 

00042 -03351 -03235 -08995 -1469 
-0002 -0015 e0210 -0686 -1276 

0 -0069 -0464 -1142 -1811 

0 -0241 ,0883 ,1651 -2468 
0.0 .01364 ,06636 -13984 -19745 

0.0 ,04087 -11984 -1929 .23885 
.0046 
.Ol68 
.0373 
.0744 
.1305 
-1964 
.2601 
-2771 
-2983 
.1996 
,2692 
.4113 
.SO59 
.4612 
.5998 

0 
0 
0 
0 
0 

.oooo 

.oooo 

.oooo 

.oooo 

.oooo 

.OOO@ 

.oooo 
0 
0 
0 
0 

-0019 
-0044 
.0082 
.0120 
.1355 
.2590 
-1030 
.907 1 

1.1806 
1.3747 
,6977 
,4659 
1.6699 
2.0614 
1.3428 
-5167 
-1110 
- 0 0 7 5  

FIG. 

.0649 
-1004 

.1927 
-2422 
-2668 
.2818 
-2632 
-2952 
.2797 
.4261 
-4921 
-4722 
.4953 
.5755 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

.OD01 

.0002 

.0008 

.0029 
-0050 - 008 5 
,0251 
.0415 
.OB72 
.1327 
.3184 
.5042 
.4853 
.9813 
.9232 
.9040 
.6664 
.5326 

1.3056 
1.5938 
1.4418 
.E596 
-3033 
-057 1 

1433 

14. 

1535 
.2157 
.2413 
-2527 
.2761 
-2790 
.292 5 
-3034 
.3618 
-4251 
-4974 
.5050 
.495 2 
.4867 
.4377 

0 
0 
0 
0 
0 

.oooo 

.oooo . 0001 
-0003 
-0005 
.0015 
.0024 
-0062 
.0125 
.0232 
-0364 
.076 1 
-1167 
-2139 
-3122 
.4693 
.6264 
.a445 
.E832 
.E766 
-6903 
,4779 
.5549 

1.1279 
1.4220 
1.3340 
.9428 
.468 8 
.1415 

-2230 
-2514 
31 56 

-2870 
.3064 
.3217 
-3509 
.3867 
.4500 
-5044 
-5438 
.5355 
.5311 
.4513 
,3266 

0 
.oooo 
.oooo 
.oooo 
.oooo 
.0002 
-0005 
.0008 
-0019 
-0030 
.0065 
.0100 
.02 04 
.0300 
.OS76 
,0845 
1434 

-1997 
-3031 
-4039 
.5307 
.65 75 
.7149 
.7729 
-6937 
-5626 
,4599 
,5869 

1.0222 
1.2745 
1,2437 
,9519 
-5530 
-2210 

-2637 
.3061 
.3865 
.3208 
,3501 
.3797 
-4173 
-4608 
-5050 
.5549 
-5642 
.5468 
.5259 
.3845 
,2300 

0 
.OOOl 
.0002 
-0003 
-0007 . 0001 
-0023 
.0034 

.0097 

.0178 

.0259 

.0447 

.0635 

.1022 

.1409 
-2092 
-2275 
.3735 
.4694 
.5587 
.6479 
-6878 
-6706 
.5955 
,4976 
.464 3 
-6173 
..9634 

1.1614 
1.1484 
.9317 
.5984 
.2796 

.0066 

(continued 1 

~ 

86 



c 

2325.0300 
2350.0000 

200.0300 
525.0000 
550.0300 
575 .OD00 
600.0000 

650.0300 

700.0300 
725.0300 
750.0300 
775 .OOOO 
800.0000 
825.0300 
850.  0300 
875.0000 
900. 0300 
925.0000 
950.  OOOQ 
975.0300 

1000 . 0000 
1025. 0300 
1050.0300 
1075 . 0300 
11 00.0300 
1125.0300 
1150.0300 
1175.0000 
1200.0300 
1225.0300 
1250.0300 
1275.0000 
1300-0000 
1325 .OOOO 

625.0300 

b75.0000 

1350.0000 
1375. 0000 

1425.0200 
1 4 5 0 ~ 0 0 0 0  
1475.0@00 
1soo .0300 
1525*0300 
1550.0700 
15 75 0300 
1600 . 0 3 00 

1400.0300 

1625.0300 
1650.0300 
1675.0300 

1725.0300 
1750.0300 
1715.0300 
1800.0000 
1825.0’;OO 
1 8  50 . 00 00 
1875.0 i00  
1900.0,’30 
1925.0300 

1700.0I)OO 

1950.0500 

0 
0 

2.5530 
2.5530 
2*5530 
2.5530 
2.5530 

2.5530 
2.5530 

2.5530 
2.5530 
2.5530 

2.5530 
2.5530 
2.5530 

2.5530 
2.5530 
2.5530 

2.5530 

2.5530 

2.5530 

2.5530 

2.5530 
2 5530 
2.5530 
2.5530 
2.5530 
2.5530 
2.5530 
2 5530 
2.5530 
2.5530 

2.5530 
2.5530 
2.5530 

2.5530 

2.5530 
2.5530 
2.5530 
2.5530 
2 . 5 5 3 0  
2.5530 
2.5530 
2.5530 

2.5530 
2 .  5530 
2.5530 

2.5530 

2.5530 
2.5530 

2.5530 
2-5530 

2.5530 
2.5530 
2.5530 
2 5530 
2 5530 
2 .  S530 
2.5530 
2.5530 
2.5530 

0 0 ,0035 -0188 -0462 -0763 
0 .oooo 0 .00@1 -0014 -0054 

14*4900 107*1710 400~80001350~03133324~32! l77015 .00000  
14-4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 ~ 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900, 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 1 0 7 ~ 1 7 1 0  4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  

14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107-1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
14.4900 107.1710 4 0 0 ~ 8 0 0 0 1 3 5 0 ~ 0 3 1 3 3 3 2 4 ~ 3 2 8 7 7 0 1 5 ~ 0 0 0 0  
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H Z B l I G  

TEPPERATURCS ( O E C  R )  
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FIG. 15. 
(continued 1 
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A B S B R P T I e N  C E E F F I C I E h T S  ( l / C M - l / A T M L S )  

H201(G 

T E C P E R A T U R c S  ( O E G  R J  

540. 1080. 1800. 27C3. 3630. 4500. 5400. 

WAVE N0. ( l / C M )  
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(continued 1 

110 



ABSBRPTIBN CBEFFICIENT5 (l/CM-l/ATMlS) 

H201(G 

TEYPERATURiS lO2G Rl 

540. ioao. MOO. 2700.  3603. 4500. 5400.  

. 

. 

WAVE N0. l/CFc) 
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0.0073 
0-0090 
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0.3180 
0.4420 
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0.3013 
0.0013 
0.3014 
0.0014 
0.3315 
0.5016 
0.3017 
0.3018 
0.0019 
0.0020 
0.002 1 
0.0023 
0.3 32 s 
C.i)J27 
0.3.3 3 0 
0.0033 
0 .XI 33  7 
0.0040 
0.0345 
0.0048 
0.c105 1 
0.0055 
0.0060 
0.0070 
0.0386 
0.0103 
0.0129 
0.0161 
0.3212 
0.0285 
0.0385 

0.5770 

0.1730 

0.3750 

0.0540 

0.1170 

0.2580 

0.4010 
0.5300 
0.4500 
0.4000 
0.4050 
0.5310 
3.7080 
0.Y310 
0.1960 
0.1240 

0.0015 
0 . O C l l t .  
0.0017 
0.0 02  5 
O.O03i! 
0.0031 

0.0934 
0.0532 

0.0540 
0.0041 
0.0041 
0.0 544 
0.0051 
O . O C 5 4  
0 .0060 
0.3363 
0.3065 
0 .0081 
Q.OU96 
0.3 193 
0.0 11@ 
0.0 142 
0.0160 
0.3J7V 
0.019d 
0.0239 
0.0283 
0.0355, 
0 .0459 
0.0529 
0.0638 
0.3793 
0.1030 
0.12YU 
0.1150 
0.209d 
0.2816 
0.3313 
0.3940 
3.4430 
3.4463 
0.4 140 
0.3590 
3 36 1 3 
0.3510 
0.4233 
0.6429 
0 .557;~  
0 .1450 
0.1200 

0 . 0 0 3 3  

0 -0045 
0.0036 

O.CO59 
0.0072 
0.5067 

0.0975 
0.0086 
0.c102 
0 . 3 1 0 1  
0.J102 
0.0123 
0 .0131 
0.9147 
0.5155 
0.0168 
0.3212 
0.0244 
0.42273 

0.3400 

0.3540 

0.0070 

0.0301 

0.9460 

0.0598 
0.0795 
0.C914 
0.1050 
0.1250 
0 1470 
0.1710 
0.2310 
0.2400 
0.2720 
0.3090 
0.3430 
0.3720 
0 .3850 0.3930 

0.4093 
0.3900 
5.3410 
0.2860 
0.2790 
0.2810 
0.3150 
0.4320 
0.3200 
0.1210 
0.1190 

0.9090 
0 . ~ 0 9 9  
0.0105 
0.9112 
0.9124 
0 . ~ 1 3 3  
0.3137 
3.0150 
0.0167 
0.5195 
0.0214 
0 . ~ 2 3 3  
0.3267 
0 .  J294 
01.:327 

0.U414 
0.,1482 
0 . 3497 
3. J600 
0.1)662 
0 .  ,e47 
C. J928 

0 . ~ 3 7 5  

0.1390 
0.1140 
0.1360 
0.1530 
0.1740 
0.1940 
0.2200 
0.2370 
0.L680 
0.2950 
0.3120 
0 -3290 
0 3320 
0 3440 
0.3530 
0.3150 
9.2940 
0.2810 
0.2540 
0.2150 
9.2330 

0.2430 
0.2680 
0.1940 
0.1240 
0.1150 

0 . ~ 3 8 0  

0.0176 0.0241 
0.0193 0.0253 
0.0206 0.0258 
0.@214 0 .0263 
0.0231 0.0270 
0.0253 0.0280 
0.0269 0.0295 

0.0310 0.0343 
0.0346 0.0378 
0.0370 0.0417 

0.0299 0.0318 

0.0410 5.0459 
0.0434 0.0500 
0.0493 0.0550 
0.0523 0.0602 
0.0603 0 . 3 t t 5  
0=0669 0-0?35 
0.0773 0 - o a o i  
0.0769 0.0685 
0.0913 0.0970 
0.0972 0,1060 
0.1090 0.1170 
0.1190 0.1290 
0.1350 3.1420 
0.1490 9.1550 
0.1690 0.1700 
0.1850 0.1870 
0.2095 0.2G20 
0.2280 0.2200 
0.2540 0.2410 
0.2630 9.2620 

0.2950 0.2930 
0.3010 0.3020 
0.3070 0.3580 
0.3140 0 . 3 i O O  
0.3030 0.2900 
0.3000 0.2720 
0.2880 0.2650 
0.2710 0.2410 
0.2570 0.2220 
0.2300 0.2i.80 
9.2190 0.2010 
0.2160 0.2100 
0.2190 0.2130 
0.2180 0.2coo 
0.1890 0.1500 
0.1230 0.1130 

0.2630 5.2eoo 

0.1070 o.ioeo 
0.1150 0.1090 

FIG. 15. 
(continued) 
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T E V P E R A T U R I S  IOEG R I  

540. 1080. 1800. 2700. 3630. 4500.  5400. 

WAVE N0. I l/CM) 

3800. 
3625. 
38 50. 
3875. 
3900. 
3925. 
3950.  
3975. 
4000.  
4025. 
4050.  
4375. 
4100.  
4125. 
4150. 
4175. 

4225. 

4275. 
4300. 
4325. 
4350. 
4375. 
4400. 
4425. 
4450. 
4475. 
4500. 
4525. 
4550. 
4575. 
4600.  
4625. 
4650. 
4675. 
4700. 
4725. 
4750. 
4775. 
4800. 

4850. 
4&75. 
4900. 
4925. 
4950. 
4975. 
5000. 
5025. 

4200. 

4250. 

4825. 

0.4550 
0.7600 

0.8400 
0.5050 
0.1170 
0.0460 
0.0183 

0.e360 

0.0073 
0.0031 
0.0014 
0.0006 
0.0003 
0.0002 
0.0001 
c.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0.0000 
0.0001 

0.2980 
0.5030 
0.5840 
0.7280 
0.5000 
0.4000 
0.3000 
0.2050 
0.1350 
0.3790 
0.0415 
0.0197 
0.0086 
0.0036 
0.0015 
0.0006 
0.9003 
0.3001 
0.0000 
0.0000 
0.0300 
0.0000 
0.u000 
0.0000 
0.3000 
0.00oc 
0.9000 
0.0000 
0.0000 
0.000c 
0.3 30 0 
0.0030 
0.0000 
0.930C 
0.0300 
0.*3000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0500 
0.3900 
0.5301 
0.5001 
0.9903 
0.0006 
0.0014 
0.002 9 
0.3053 

0.195U 
0.2 88G 
0.340~ 

0.4010 
0.4030 
0.3271; 
0.2440 
0.1705 

0.0612 
0.0342 
0.0 179 
0.0101 
0.0561 
0.0249 
0.0323 
3.0016 
0.0311 
1.0009 
0.0307 
0.0004 
0.0004 
0.0002 
c.0002 
0.0001 
0.0301 
0.0001 
0.03OJ 
0.0000 
0.0OOG 
0.000u 
0.0000 
0.0001 
c.3001 
0.000 1 
0.0902 
0.0303 
C.OOC4 
0.00oe 
0.0007 
O.Od15 
0.0023 
0 0 G 3b 
0.0048 
0.0367 
0 . 0 0 8 b  
0.012c 
0.0 176 
0.022d 

0.4220 

0.1053 

0.1290 
0.1540 
0.1840 
0.2360 
0.2760 
0.3150 
3.2930 
0.2350 
0.1790 
0.1240 
0.0886 
0.0594 
0.0341 
0.0222 
0.0156 
0.0130 
0.0104 
0. C077 
0.0065 
0.0064 
0.0062 
0.0047 
0.0049 
0.0037 
0.0035 
0.3529 
0.0327 
0.0032 
0.0326 
0 .  3320 
0.c922 
0.0023 
0.0026 
0.0028 
0.3029 
0.0038 
0.0043 
0.0057 
0.6083 
0.0102 
0.0121 
0.0176 
0.0223 
0.0297 
0.0321 
0.3354 
0,0382 
0.0417 
0.0467 
0.3499 

0.1230 
0.1290 
0.1610 
0.1970 
OaL270 
0.2430 
0.2300 
0.1950 

0 1140 
0.1030 
0.u801 
0.3503 
0. '.I 354 
0..1258 

0 .  I 1 7 0  
0 . ~ ~ 1 3 2  
0.12109 
0.3093 
0.  I 0 8 3  
0.3074 
0.3071 
0.  ~ 0 6 7  
0. ~ 0 6 0  
0 .  I059 
0. ~ 0 5 8  
O.JO64 
0.3060 
0.3061 

0.~1075 
0.1)579 
0.*3083 
0 . ~ 0 9 8  
0.i1105 
0.9119 
0.J139 
0.  ~ 1 6 6  
0.1186 
0.5229 
O.OL56 
0.3302 
0 . ~ + 3 5 8  
0 .  ~ 4 1 7  
0.:1450 
0.9492 
0.0503 
0.0520 
0.0523 

0.1590 

Oe'J226 

0. Job8 

0.1120 
0 1270 
0.1460 
0.1670 
0 1920 
0.2020 
0.2020 
0.1920 
0.1680 
0.1340 
0.1060 
0.0879 
0.0610 

0.0336 
0.0461 

0.0294 

0.0197 
0.0234 

0.0166 
000141  
o.ci122 
0.0112 
0.01ps 
0.0103 
0.0103 
0.0090 
Q.0099 
0.0101 
0.0106 
0.0114 
0.0121 
0.0130 
0.0141 
0.0154 
0.0180 
0.0213 
0,0243 

0.0313 
0.0341 

0.0404 

0.0459 

0.0276 

0.0378 

000430 

0.0493 
0.0507 

0.0523 

0.0510 

0.0527 

0 -0526 

0.1220 
0.1360 
0.1540 
0.1770 
0.1q70 
0.2090 
0.2c70 
0.19CO 
0.1610 
0.1320 
0 . 1 5 4 0  
0 . 0 c c 0  
0.07 10 
0.OSF8 
0.0459 
0.0418 
0.0348 
0.0287 
0.0236 
0.0189 
0.3150 
0.0126 
0.01 19 
0.0118 
0.0123 
0.0128 
0.3134 
0.0142 
0.0151 

0.9173 
0.0187 
0.02c2 
0.0223 
0 . 0 ~ 4 6  
0.0270 
0.0303 

0.0370 
0.0359 
0.0422 
0.0440 
0.0458 
0.0465 
0.3473 
0.0478 
0.0478 
0.0473 
0.0460 
0.0447 

0.0162 

0.0338 

. 
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5050. 
5015. 
5100. 
5125. 
U50. 
51759 
s200. 
5225. 
5250. 

5300. 
5325. 
S W .  
5375. 
5400 
5425. 
5450. 
5475. 
9500- 
5525. 
5550. 
5515. 
5600. 
5625. 
m. 
5615. 

5275. 

5roo. 

s i r s .  

5725. 
5750. 

ULQlL 
5825. 
5050. 
5875. 
5900. 
5925. 
/95& 
5915. 
6000. 
6025 
6050. 
6075. 
6Lpa 
0125. 
6150. 
6175. 
6200. 
6225. 
4254. 
6275. 

540 

0,0003 
0.5008 
0.3020 
0.0043 
0.0090 
0.0100 
0.0348 
0.0718 
0.1110 
0.0329 
0.0201 
0.1210 
Q.1390 
0.0774 
0.0050 
0.0985 
0.099b 
0.0600 
0.Q325 
0.0150 
0.0062 
0.0027 
0.0011 
0.0005 
0&002 
0.0001 
0.0000 
0.0000 
0.0000 
0 . 0000 
0&000 
0.0000 
0.0000 

0 . a000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
g.0000 
0.0000 
0.0000 
0 . 0000 
0 . 0000 
0.0000 
0.0000 
0.0000 

a . ooao 

ON CBEFFICIENTS ( l / C I I - l /  

H2811G 

TEHPERATURcS (CEG R I  

1060. 1800. 2700. 

0.0006 
3.0130 
0.0190 
0.0202 
0.0390 
0.0462 

0.0590 
0.0368 
0.0285 
0.0270 
0.0422 
0.1050 
0.0710 
0.0403 
0.0575 
0.0602 
0.3680 
0.0520 
0.0350 
0.0230 
0.0158 
0.3101 
0.0059 
0.0031 
3.0013 
0.0004 
0.0001 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0030 
6.0000 
0.0000 
0.0000 
0.0000 
0.0001 
0.0001 
0.0001 
0 .a00 1 
0.0001 
0.0001 
0 .000 1 

0.0002 
0.0002 
0.0002 
0.0003 

0.0110 

0.0001 

0.0284 

0.0415 
0.0425 
0.0453 
0.0428 
0.0446 
0.0429 
0.0346 
0.0347 
0.0393 
0.0552 
Q.0050 
0.0642 
0.0524 
0.0553 
0.0566 
Q.0502 
0.0518 
0.043 1 
0 -0 342 
0.0251 
0.0103 
0.0129 
0.0007 
0.0054 
0.0331 
0.0014 
0.0000 
0.0006 

0.0 354 

0.0005 
0.0004 

0.0304 
0.0004 

0.00C4 

0.0003 
0.0003 
0.0003 
0.0303 
0.0003 
0.0002 
0.0003 
0.0004 
0.0005 
0.00Ob 
0.0001 
0.0008 
0.0010 
0.0011 
0.0012 

0.0528 
0.0559 

0.0495 
0 0449 
0.0391 

0.055r 

0.0360 
0.0360 
0 0369 
0.0423 
0.3505 
0.0598 
0.0687 
0.0618 
0.0541 
0.0510 
0.0489 
0.0495 
0.3403 
0 . 0464 
0.0408 
0.0339 
0.0263 
0.0206 
0.0161 
0.0124 
0.C093 
0.0074 
0.0059 
0 -0041 
0.0032 
0.0025 
0.0022 
0.0016 
0.0018 
0.0016 
0.0013 
0.0015 
0.0011 
0.0011 
0.0000 
0.0013 
0.0010 
0.0015 
0.0018 
0.0020 
0.0021 
0.0036 
0.0044 
0 -0044 

FIG. 15. 
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3633 

0.3513 
0.0500 
0.J480 
0.0451 
0.0430 
0 -0403 
0.l304 

0.0409 
0.0461 

0.0376 

0.3529 
0.9512 

0.3556 
0.0503 
0.0451 
0.3454 
0 e0460 
0 . 3449 
0.0452 
0.0414 
0.0366 
0.3303 
0.0247 
0.0203 

0.0593 

0.3166 
0,3130 
0.0102 
013000 
0.0061 
0.3045 
0.0034 
0.0329 
0.3024 
0.3327 
0.0020 
0.0030 
0.3030 
0.3031 
O.c)034 
0.5035 
0.3031 
0.3339 
0.0042 
0.J048 
0.3052 
0.5354 
0.0059 
0 .30b5 
0 -301 1 

4500. 

0.9492 
0,0469 
0,3452 
0.0430 
0.0423 
0.0415 
0.0414 
0.0420 
0.0454 
0.0482 
0.0511 
000544 
0.0560 

0 -0495 
0.0449 
0 . 0446 
0.0450 
0.3454 
0 .0449 
0.0417 
0.030* 
0.0333 
0.0206 
0.0244 
090201 
0.0176 
0.0140 
0.0123 
0.0105 
0 ~ 9 0 0 0  
0.0015 
0.0065 

0.00b5 
0.0060 
0.0011 

a .os 34 

0 -0062 

0.0012 
0 .oor4 
0.0015 
0.0016 
0 m 7 0  
0.0019 
0.0081 
0.0005 
0 -0090 
0.0094 
0.0100 
0.0l01 
0.0113 

5400 . 
0.0430 
0.0415 
0.0400 
0.0390 
0.0305 
0.0393 
0.J405 
0.0410 
0.0434 
0.0450 
0.0462 
0.0410 
0.0400 

0 . 0460 
0.0425 
0.0400 
0.0405 
0.0410 
0.0430 
0.0420 
0.0400 
0,0360 
0.0320 
0.02BO 
0.0250 
0.0220 
0.0190 

0.0150 
0 -01 30 
0.0120 
0.0105 
0.0090 
0.0094 
0.0093 
0.0093 

0.0410 

o.oiro 

0,0093 
0.0095 
0.0091 
0.0100 
0.0103 
0.0105 
0.0110 
0.0113 
0.0119 
a.0125 
0,0130 
0.0135 
0.0143 
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H201((, I 
WAVE K0.  ( l / C M l  

6300. 
6325. 
6350. 
6375. 
6400. 
6425. 

6475. 
6550. 
6525. 
6550. 
6575. 
6603. 
662 5. 
6650. 
6675. 

6725. 
6750. 
6775. 
6800. 
6825. 
6850. 
6875. 
6903. 
6925. 
6950. 
6975. 
7030. 
7025. 
7050. 
7075. 
7100. 
7125. 
7150. 
7175. 

6450. 

b700. 

7200. 

7250. 
7225. 

7275. 
7 300. 
7325. 
7350. 
7375. 
7400. 
7425. 
7450. 
7475. 
7533. 
7525. 

TEMPERATURz.5 ( D E G  H) 

540. 1063. 1800. 2700. 3630. 

0.0000 
0.0500 
0.0000 
0.0000 

0.0090 
0.0000 
0.0000 

0.0000 
0.0000 
0.0001 
0.0091 
0.0002 
O.GO33 
0.0006 
0 . ~ 0 0 9  
0.0012 
0.0015 
0.0019 
0.0022 
0.0026 
0.0029 
0.0032 
0.0036 
0.0040 
0.0046 
0.0053 
0.0062 
0.0076 
0.0098 
0.G132 
0.0190 
0.0240 
0.0286 
0.0323 
0.0570 
0.2160 
0.1260 
0.01 17 
0.0140 
0.0425 
0.0640 
0.0385 
0.01 82 
0.0170 
0.3161 
0.0145 
0.0009 
0.0000 

0. aooa 

o.ooao 

0.0503 
0.0003 
0.5004 
0.0004 
0.0005 
0.3006 
0.0507 
0.0007 
0.0508 
0.0398 
0.001 1 
0.0013 
0.3015 
0.0i117 
0.0319 

0.0225 
0.0328 
0.0033 
0.3037 
0.0543 
0.0050 
0.93'58 
0.0067 
0.3C88 
0.3092 
0.0108 
0.0128 
0.0152 
0.0182 
0.0222 
0.927 1 
0.5335 
0.0432 
0.057C 
0 . 0 7 C O  

0.3680 
0.0475 
0.0369 
0.0370 
0.041 8 

0.0385 
0.3179 
0;0081 
0.0037 
0.0017 
0.0014 
0.0310 

0.0022 

0.069C 

0.0460 

0.0313 
0.0014 
0.0014 
0.0015 
0.031Y 
0.0525 
0.3026 
0.0031 
0.3032 
0.0569 
0.0039 
0.0043 
0.0SbC 
0.0061 
0.0062 
0.0u6t 
0.0 J64 
0.008: 
0.0101 
0.0 105 
0.9119 
0.013Y 
0.015Y 
0.0167 
0 . J 1 8 4  
C.0 197 
0.022L 
0.0253 
0.3283 
0.029U 
0.0332 
0.5359 
0.3389 
0.341 1 
0.0454 
0.0464 
0.046> 
0.3403 
0.036Y 

C.0395 
0.0432 
0.0436 
0.0382 
0.0263 
0.0 162 
0.0099 
0.3062 
0.0347 
0.0027 

0.0372 

0.0046 
0.0056 
0.0050 
0.0044 
0.0050 
O.CO79 
0.0063 
0.0074 
0.0084 
0.6089 
0.0107 
0.0108 
0.0132 
0.0140 
0.0143 
0.0152 
0.0172 
3.0182 
0.0196 
0.0202 
0.0218 
0.0239 
0.0270 
0.0281 
0.0284 
0.0299 
0.0326 
0.0344 
0.0360 
0.0351 
0.0375 
0.0360 
0.0352 
0.0335 
0.0322 
0.0301 
0.0280 
0.0262 
0.0268 
0.6300 
0.0329 
0.0354 
0.0351 
0.0304 
0.0259 
0.0198 
0.0150 
0.0113 
0.0082 
0.0050 

0.3075 
0.3081 
0.9087 
0. io 9 6 
0.3100 
0.0108 
0.0114 
0.9125 

0. ~ 1 4 8  
0.3155 
0.5169 
0.3178 
0 ..J 190 
0.3LOZ 
0.2212 
0.5222 
0 . ~ 2 3 2  
0. :12 40 
0. ~ 2 5 5  
0.3266 
0 . 02 80 
0.9306 
0.. 324 
0.3329 
0.3333 
0,3348 
0 . ~ 3 4 0  
0.3335 
0. ~ 3 3 2  
0.0327 
0.3312 
0.3301 
0.v280 
0.0254 
0 . ,.I Z 37 
o.il220 
0 .. .I2 12 
0. J214 
0.3241 
0.0268 
0.9296 

0.9262 
0.9216 
0. I 1 7 6  
0.0144 

0.0082 
0 . ~ 0 5 6  

0.0139 

0.9307 

0. J118 

FIG. 15. 
(cont inued) 

4500. 

0.0120 
0.0128 
0.0133 
0.0142 
0.0151 
.0.0158 
0.0167 
0.0177 
0.0185 
0.0197 
0.0207 
0.9217 

0.0237 
0.0249 
0.0260 
0.0268 
0.3214 
0.0280 
0.0288 
0.0295 
0.0301 

0.0323 

0.0330 
0.0334 
0.0327 
0.03 19 
0.0310 
0.0259 
0.0284 
0.0279 
0.0261 
0.0239 
0.0219 
0.0200 
0.0193 
0.0196 
0.0209 
0.0229 
0.0252 
0.0265 
0.0233 
0.0195 
0.0167 
0.0142 
0.0118 
C.0087 
0.0064 

0.0227 

0.0312 

0.0327 

5400. 

0.0150 
0.0157 
0.0164 
0.0172 
0.0180 
0.0191 
0.0200 
0.0211 
0.0222 
0.0233 
0.0244 
0.0255 
0.0L67 
0.027b 
0.0287 
0 . 0 ~ 9 6  
0.0305 
0.0313 
0.0320 
0.0329 
0.0335 
0.0339 

0.0345 
0.0343 
0.0341 
0.0339 
0.G333 
0.0325 
0.0313 
0.0299 
0.0283 
0.0263 
3.0243 
0.0223 
0.0208 
0.0199 
0.01so 
0.0187 
0.0200 
0.0224 
0.0243 
0.0260 
0.0260 
0.0240 
0.0210 
0.0180 
0.0150 
0.0120 
O.OU80 

0.0343 
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7550. 
7575. 
7600 
7625. 
7650. 
7675, 
7700. 
7725, 

77 75 . 
78000 
7825. 
7850. 
7875. 
7900. 
7925. 
7950, 
797s. 
8000. 
8025. 
8050. 
8075. 
8100. 
8125. 
8150. 
8175. 
8200. 
8225. 
8250. 
8275. 
8300. 
b325. 
8350. 
83’15. 
#400. 
8425. 
8450. 
8475. 
8500. 
8525. 
8550. 
8575. 
8600. 
8625. 
8650. 

0700. 

7750. 

8675. 

8725. 
8750. 
8775. 

AESYIRPT I LN C2E FF IC I €  K 1 3  ( l/C!4- 1/LTM2S 1 

H201(C 

TECPERATUR€S (DEG A 1 

540. lCd0. 1800. 2100. 3600. 

0.0000 
0.0000 
0.0000 
3.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0.0000 
0.0000 
0.Oi)oo 
0 . 0000 
0.0000 
0.0000 

0.0000 
0.5090 
0.0000 
0 . 0000 
3.0000 
0.0000 
0.0000 
0.0900 
0.0000 
0.0000 
0.0000 
0,0900 
0 GOO0 
0.0000 
0 . 0000 
0.mo0 
0.0000 
0.0000 
0.0900 
0.0000 
0 ~ 0 0 0 0  
0 - 3000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.3000 

a. 0030 

0.0308 
0.0036 
0.0004 
O.Oa03 
0.0002 
0.0002 
0.000 1 
0.000 1 
0.090 1 
0.9300 
0.3000 
0.5000 
0.0000 
0.0009 
0.0300 
0.5000 
0.9500 
9.3300 
0.0000 
0.0coc 
5.0000 
0.03JC 
0.0000 
0.0300 
0.0000 
0.3dO0 
0.0000 

3.3000 
O.(rC00 
0.000C 
0.0000 
0.0000 
0 . ~ ~ 0 0 0  
0.0000 
O.DJO0 
0.0300 
0.3;00 
0 .oooc 
0.0030 
0.0900 
0.3000 

0.0000 
0 .ooo c 
0.0900 
0.0000 
0.9000 
0 .0000 
0.3000 

o m o o  

o.oaoo 

0.0021 
0.0315 
0.001(, 
5.0007 

O.OJOf, 
0.0003 
0.0003 
0.0502 
0.0001 
0.0001 
5.0001 
0.030i 
0.0301 
0 . O G O l  

0.000b 

0.0036 
0.0024 
0.0019 
0.0914 
0.0010 
3..301U 
0.C008 
0.0007 
0 -0003 
0.c004 
O.CO04 
0.0004 
000303 
0.5002 
0.c002 

0.030 
0.034 
0.000 
0.000 
0 00 30 
0.000 
0.0’)o 
0.000 
0 00 00 
0.000 
0.0.JOZ 
0.0002 
0.0002 
0.0002 
0.0il33 
0.0002 
O . 0 5 O L  
0.000L 
0,0303 
0.000 % 
0.0033 
0.0003 
0.0003 
o.oco3 
0.0003 
0.0003 
0.0003 
0-0003 
0.0003 
0.0002 
0.0502 
0.0002 
0.3c02 
0 . O O O L  
0.0302 

0.5002 
0 . O W 2  
0.0302 
0.0002 
0.0003 
0 -0004 
0.0905 
0.3004 
0.0005 
0.0035 
o.ome 
0.0011 
0.0012 
0.0009 
0.3016 
0.0012 
0.0010 
0.0010 
3.0014 
0.C016 
0.0014 

0.0015 
0.0014 
0.0015 
0.0015 
0.0014 
0.0014 
0.0016 
0.0014 

0.0016 

0.C014 
0.0013 
0.0013 
0.0012 
0.3012 

0.3.3 A5 
0..>0 16 
0.>317 
O . . X 1 5  
J.JOl8 
0.’~019 

O.i)325 
0 a5024 
C.3023 
0.3326 
0.3028 
0 .-JO30 
O.3J29 
0.N34 
0.0036 
0.:)035 
0. Jd36 
0.,;338 
0.0049 
0.0039 

0.2039 
0.3037 

0.5037 

0-0036 
0.0038 

0.2035 

0 ..ID23 

0.2039 

0.3037 

3.3336 

9.3036 

0.3034 
O.i~O33 
0.3032 
0. ~ 0 3 1  

4500. 

0 -0047 
0.0036 
0.0028 
0.0022 
0.0022 

0-0019 
0.0019 
0 -3020 
0 .a020 
0.0026 
0.0026 

0.0024 

o.3oia 

0.3025 

0 0026 
0.3027 
0.00.28 
0.0028 
0.0029 
0.*3031 
0.0033 
0.5035 
0.0033 
0.0035 
0.0035 
O.dO37 
000038 
0.0039 
0.0039 
0.3034 
0.0013 
0.0044 
0 A 0 4 5  
0 .a046 
0.0046 
0.0046 
0 -0046 
0 .0046 
0.0044 
0,0044 

0.0043 
0.0042 
0 . 0042 

0.0041 

000043 

0.0041 

0.0039 
000038 
0.0036 
0.3034 

5400 

0.0060 
0.0050 
O.OC42 

0.0034 
0.0J32 
0.0030 
Oi0G29 
0.0029 
0.0029 
0.0329 
O.OG30 
0.0030 
0.0‘331 

3.0037 

0.0332 
0.0033 

0.0235 
O.iJ53* 

0.0036 
0.0038 
0.0C40 
0.3041 
0.5042 
0.J544 
0.3046 
0.5047 
0.0048 
0.0049 
0.0049 
0.0350 
O.OC50 
0.0c50 
O.OGSO 
0.0050 
O.OJ50 
0.0C50 
0.0049 
0 00049 
0.004a 
3 0 0048 
0.0046 
0.1946 

0.0043 
0.0042 
0.9041 
0.0039 
0.0338 

0.0035 

0.0044 

0.0037 

FIG. 15. 
(continued 1 
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k A V E  NB. ( 1 / C M I  

8ECO. 
8825. 

8875. 
&900. 
6 9 2 5 .  
8950. 
0975. 
90CO. 
9025. 
9050. 
9075. 
9100. 
9125. 
9150. 
9175. 
Y200. 
9225. 
9250. 
9275. 
9300. 
9 3 2 5 .  
9550. 
9375. 
9400. 
9425. 
9450. 
9475. 
9300. 
9525. 
9550. 
9 5 7 5 .  
9600. 
9625. 
9650. 
9175. 
9700. 
9725. 
9750. 
9775. 
9dCO. 
9 8 2 5 .  

ea50. 

9850. 
9875. 
99CO. 
9925. 
Y950 .  
9975. 
10000. 
10.325. 

A B S B R P T I C N  C ' L E F F I C I E h l S  ~ l / C P - l / A T M c ! S )  

H2811G 

TEMPERATuRCS (OEC H )  

540. i oeo .  1800. 2703. 3633. 4500. 5403. 

0.5000 
0.0000 
0.5000 
0.0300 
0.0000 
0.0000 
0.0000 
9.0000 
0.0000 
0.0000 
0.0000 
5.0000 
0.0000 
0.0'300 
0.0000 
0.0300 
0.0000 
0.0000 
0.0000 
c. 3000 
0.3000 
0.0000 
0.0000 
0.0300 
c.0000 
0.u000 
0.0000 
0.3300 
0.0000 
0.0000 
5.3000 
c.0000 
0.0003 
0.0000 
3.0000 
c.5000 
0.01)oo 
0.0000 
0.0000 
0.0000 
0.0300 
0.0000 
0.0000 
0. 0000 
0.0000 
0.0000 
0.0000 
3.0000 
0.0000 
0.0000 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0300 
3.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0300 
0.0303 
0.0000 
0.000c 
0.0000 
0. (J000 
0.0000 
0.0000 
0.u000 
0.oooc 
0.u000 
3.000c 
0.3000 
0.9000 
0.3003 
3.9500 
0.3000 
0.0000 
0.30oc 
0.0000 
0.3000 
0.000c 
0.3000 
0.000c 
S.030lJ 
0.3000 
0.9300 
0.0000 
o.rJoo0 
0.3000 
0.03oc 
0.000c 
0.9300 
0.3030 
0.'3300 
0.0000 
0.3300 
o.uoo0 

0.0OCL 
0.0002 
0.0 00 2 
0.000L 
0.0001 
0.0001 
0.0COl 
0 .000 1 
0.0301 
0.0301 
c.0001 
0.0001 
0.0301 
0.0ccu 
0 .OOOJ 
0.0005 
0.00Od 
0.0coo 
0.03ou 
0.03ocr 

c.oo0u 
C . O O O J  
0.0009 
0.OOOL 
0.000:, 
0.00Od 
o.ooo:, 
0.000d 
0.000 > 
o.oL103 
0.5000 

0.05OJ 
0.OOOO 
0.0300 
5.3dOJ 

0.000G 
0.0000 
0,000 1 
0.0c00 
C.OJO3 
0.0000 
0.0003 
0.0c00 
0.3000 
0.000n 

0.0coo 

0 .oOoJ  

0.oOoV 

0.000J 

O.33o3J 

0.0011 
0.COll 
o.ljo10 
0.0010 
0.C339 
0.0009 
0.0007 
0.0006 
O.i)005 
0.0053 
0.0333 
0.0033 
0.3002 
0.0002 
0.u302 
0.0300 
0.0300 
0.0000 
0.0335 
0.0000 
0.3001 
0.0000 

0.0000 
0.30.30 
0 .oooo 
0.J305 
0 .COO0 
c.0030 
0.G30U 
0.d303 
0.0000 
0.3000 
0.3000 
0.0330 
0.0000 
0.3000 
0.0000 
0.3000 
0.0000 
0.0030 
0.0000 
0.0030 
0.0000 
0.0000 
0.0000 
0.0000 
c .oooo 
0.0000 
0.0000 

o.Jo00 

0.',330 
0. J029 
0.1327 
0.3026 
0.3324 
0.~023 
0. '321 
0.0019 
0.3016 
0.7013 
0.'311 
0. J O l O  
0.00C9 
C.3007 
0. ~ 3 0 6  
0.7005 
0.1004 
0.5004 
0.1003 
0.3003 
0. ~ 0 0 3  
0. ,005 
0.1305 
0.3305 
0. 1306 
0.3006 
0.1306 
0.0306 
0.~1507 
0.1007 
3. ~ 3 0 7  
0. J007 
0. i o 0 8  
O . t I O C 8  
0. >I09 
0.2009 
G.YOC9 
0. j010 
0. 8310 

5..~011 

0. J O l 2  
0.7012 
0. 1013 
0.3013 
0.7013 
0.30 14 
0.)014 
O.UO14 

0. Jell 

0. ,011 

0.3033 
0.0032 
0.0030 
0.0028 
0.0027 
0.0025 
0.0023 
0.0021 
O . O O l Y  
0.0016 
0.3015 
0.0013 
0 .00 12 
0.0511 
0.3010 
0.OOOY 
0.0008 
0.0008 
0.5008 
0 .oo 12 
0.0011 
0.0009 
0 .0009 
0.0009 
0.0009 
0.0009 
0.0009 
0.0009 
0.3010 
0.0010 
0.0010 
0.3010 
0.3010 
0.0011 
0.3311 
0.0011 
0.5012 
0.3012 
0.0012 
0.0012 
0.3013 
0.3013 
0.0013 
0.0014 
0.0014 
0.0014 
0.0014 
0.0015 
0.0015 
0.0015 

0.0034 
0.3332 
0.0r)Sl 
O.OC29 

0.0327 
0.0325 
0 -0324 
0.0~~24 
0.0222 
0.3021 
0.0020 
0 02 19 
O.OJ18 
03.0 2 17 
0.0016 
O.OCl6 
0.3015 
0.3314 
0.0014 
0.0013 
0.0513 
3.0013 
0.0013 
0.0013 
0.0012 
0.3312 
0.3513 
0.0013 
0.0113 
0.9213 
0.0313 
0.0213 
0.0013 
3.5U13 
0.0514 

0.0314 
0.J2'14 
0.0514 
O.Ob14 
0.0515 
0.0315 
0.0015 
0.0015 
0.0015 
O.OU16 
0.0016 
0.0216 
0.0016 

0 . 0 ~ 2 ~  

0.0U14 

FIG.  15. 
(cont inued)  
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A 8 S B R P T  IBN C BE FF ICIENTS 

HZOltG 

TEMPERATURES 

540. 1080. 1800. 

10050- 
10075. 
10100. 
10125. 
10190. 
101 75 
10200~  
10225. 
10253. 
10275. 
10300. 
10325. 
10350. 
10375. 
10400- 
10425. 

10475. 
10500. 
10525. 
10550. 
10575- 

10450. 

10600. 
10625. 
10650. 

10700. 
10725. 

10675. 

10753. 
10775. 
10800. 
10825. 
13850. 
1087s. 
10900. 
10925- 
13950. 
10975. 
11000. 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0-0000 0.0000 
0-0000 0.0000 

0-0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 
D*0000 CiOOOQ 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0-0000 0.0300 
0-0000 0.3000 
0.3000 0.300C 
0.0000 0 0.0000 
0.0000 0.0000 
0.0000 0.0000 
0.3000 0.0000 
0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0300 

0.0000 0.0900 
0.0000 0.0000 
0.0000 0.000C 

010000 0.0000 
0.0000 0.0000 
0.0000 0.300C 
0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 

0.3000 0.0000 

0.0000 0.0000 

0.0000 0.6000 

0.0000 0.0000 

0.0000 0.0000 

0.0000 
0.0000 
0.0000 
0.300U 
0.0G0~1 
0.0000 
0.0000 
0.0005 

0.0000 
0.0000 
0.0003 
0,000ir 
0.0000 
0-000lj 
0.0000 
0.0003 
0.0000 
0.0000 
0.0000 
0.0000 
0-0003 
0.0000 
9.0000 
0-0030 
0.0000 
0.0000 
0.0000 

0.0000 
0.3000 
0.0000 
0.000u 
0 .0000 
0 ~ 0 0 0 0  
0.0000 
0,0000 
0-0000 
0.0003 

a.ooo3 

a.oooo 

l / C t + l / A T M 0 S I  ' 

J .a000 
0.3000 
0.0000 
0 -0000 
0.3000 
0 0000 
0.C00G 
0 .0000 
0 .0000 

0 0000 
0 . 0000 

0 . 9000 
0 -0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 . 0000 
0 0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 

0.000G 
0.3000 
0.0000 
0 -0000 
0.0900 
0 .0000 
0.0000 

a .oooo 

o.ooao 

a.aooo 

0 .  ,915 
0.3015 
0.0015 
0.3016 
0.3016 
3-3016 
0 0 30 16 
0 .'J015 
0.3015 
0.3015 
0..)014 
0.4014 
0 .KI 13 
0..:313 
0.?)012 
0.3012 
0. ,013 
0.0013 
0,3013 
0.3014 
0.9014 
0.JO14 
0 .uO 14 
0-&13 
0 .,>o 1 1 
0.n010 
0.5008 
0.9007 
O.*JOOS 
9.0004 
0.0003 
0-0003 
0.0303 
0 .a003 
0.J0C3 
0.9003 
0.~8003 
0.9003 
0.5003 

0.0015 
0 -00 16 
0.0016 
0.0016 
0.0016 
0.0016 
0.0015 
0.0015 
0.0015 
0.0014 
0.0014 
0 -00 14 
0.0013 
4.0013 
0.0013 
0.0013 
0.5013 
0.0013 
0.0014 
0.0014 
0-5014 
0.0014 
0.0014 
0.0013 
0.0011 
0.0010 
0.0008 
0.0007 
0,0006 
0.0005 
0.0004 
0.0003 
0.3003 
0.0003 
0 -0003 
0.0003 
0 -0003 
0-5003 
0.0003 

0.3016 

0.5016 
0.0016 
0.0016 
0.0015 
0.0015 
0.0015 
0 ~ 0 0 1 s  
0.0014 
0.0014 
0.0014 

0.0016 

0.0513 
0.4013 
0.0013 
0.0013 
0.0014 
0.0014 
0.0014 
0.0014 
0.0014 
0.0014 
0.0014 
0.0012 
0.0011 
0.0010 
0.0C08 
O.O(i07 
0.0tJ06 
0 . 0 ~ 0 5  
0.0C04 
0.0004 
0.0004 
000G03 
0.OG03 
0.3003 

0.0003 
0.0003 

0.0003 
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WAVE N0. (l/CMl 

500. 
525. 
550. 
575. 
600. 
625. 

675. 
700. 
725. 
7 3 0 .  
775. 
803. 
825. 
850. 
875. 
9c5. 
925. 
950. 
975. 

1050. 
1025. 
1550. 
1075. 
1100. 
1125. 
ll>O. 
1175. 
1200. 
1225. 
1250. 
1275. 
1300. 
1325. 
1350. 
1375. 
1400. 
1425. 
1450. 
1475. 
1550. 
1525. 
1550. 
1575. 
1600. 
1625. 
1650. 
1675. 
17CO. 
1725. 

6 5 0 .  

P B S B R P T I I N  L O E F F I C I E N T $  (I/CY-l/ATMdS) 

C 1 0 2 l t  

T E C P Z R A T U R r S  ICEG R )  

540. 1080. 1800. 2730. 3600. 

0.0000 
0.0000 
0.0000 
0.0000 
0.1200 
0.1750 
3.4500 
3.6000 
3.5500 
a.0720 
0.0230 
0.0000 
0.0000 
O.POO0 
0.0000 
0.0000 
0.0030 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
i).oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.i)ooo 
0.0000 
0.0000 
0.0000 
0.0000 
0,0000 
0.0000 
0,0000 
0.0000 
0.0000 
0.0000 

O.OJO0 
0.0000 
0.0000 
0.0205 
0.1650 
0.5800 
2.6200 
3.1300 
1.2000 
0.3000 
0.0780 
0.0140 
0.3500 
0 . il00 0 
0.0000 
0.3000 
0.*3000 
0.0000 
0.0000 
0.or)oo 
0,3300 
0.0000 
0.0000 
0.0000 
0.5000 
0.0000 
0.0000 
0.0900 
0.0ooc 
0.01)oo 
0.OOOC 
0.0003 
0.0500 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.u000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0,3000 
0.0000 
0.9300 
0.0000 
0.0ooc 
0.0000 

0.9303 
0.0000 
0.0245 
0.0540 
0.2455 
0.635L 
2.2087 
5.2993 
1.4076 
0.6420 
0.1915 
0.0771 
0.3 199 
0.ocou 
0.ocou 
0.000u 
0.000J 
0.0003 
0.0000 
0.0003 
J .0OOc)  
0.000u 
0.0005 
0.ooou 
0.0 00 ., 
0.ol)ou 
0.000 
0.OUOb 
0.3 0 0 J 

0.0000 
0.000 ' 
0.0003 
0.000 1 
0.0000 
0.0003 
0.0000 
0.0OOJ 
0.0009 
0.0000 
0.0000 
0.00ou 
0.0 00') 

c.0000 
0.05Oc. 
0.0050 
0.0003 
0.0000 
0.000\7 
0.000u 

0.000J 

0.0105 
0.0380 
0.0970 
0.1450 
0.32CO 
0.7900 
1.7200 
2.9030 
1.4700 
1 .oooo 
0.4100 
0.2050 
0.C950 
0.0510 
0.0350 
0 -0240 
0.0300 
0.0000 
0.0000 
0.0000 
5.0000 
0.0000 
o.cooo 
0.1)ooo 
0.cooo 
0.0000 
0.3000 
3.0000 
0.5soo 
0.0000 
0.c000 
0.0000 
0.9000 
0.0000 
0.0000 
0 .oooo 
c.0000 
0.0000 
0.0000 
0.0000 
0.3000 
0.0000 
0.0000 
0.9000 
0.rJJOO 
0.c000 
0.0000 
0 .coo0 
0.3500 
c.coo0 

FIG. 15. 
(cont inued) 

0.3414 
0.d909 
0.1761 
0.3154 
0. k I 0 7  
0 . ~ 4 4 9  
1.5026 
1.5118 
1.4563 
1.2170 
O.tb4O 
0.3351 
0.1874 
0.1040 
0.37C8 
0.3694 
0.3300 
0.0000 
0.5000 
0.n000 
0.3300 
0.c300 
c.uoc0 
0.u000 
0.u300 
0.'3000 
0.0000 
0.0000 
o.>iJco 
0.3000 
0.c000 
0.3300 
0 .rJ 100 
0. Llooo 
0.0000 
0.1300 
0. a300 
0,3000 
0.0300 
0.0000 
0.1J000 
0.0000 
0.~000 
0 * L O O 0  
0.0000 
0.~~000 
C."OO 
0 .oooo 
0.0000 
0 .uooo 

4500. 

0.0982 
0.0877 
0.1808 
0.5972 
0.5200 
0.8277 
1.4882 
2.7910 
1.1448 
1.2502 

0.4543 
0.2945 
0.1456 
0.0957 
0.1008 
0.00c0 
o.c)ooo 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.00c0 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0 .oooo 
0 .a005 
0.0000 
0.0000 
0 .a000 
0.5000 
0.0000 
0 .oooo 
0 .ooco 
0 .0000 
0.0000 
0.00c0 
0 .oooo 
0 .0000 
0 .OOOC 

0.9534 

5400. 

0.1347 
0.1220 
0.2340 
0.3800 
-0.3G00 

0.8500 
1.5533 
O.lY50 
0.6333 
1.0667 
1.3567 
0.6067 
5.4733 
0,2993 
0.2433 
0.2140 
5.0900 
0.0c00 
0.0000 
0.0000 
0.0000 
0.0900 
o.ocoo 
0 .OOGO 
0.0000 
O.O@OO 
o.occ0 
0.0000 
O.GLC0 
o.ooco 
0.0c00 
0.0coo 
0 .0000 
o.occ0 
O.OLC0 
0.0000 
0.ouoo 
0.0000 
0.0000 
0.0000 
0.0iico 
0.0000 
0.0c00 
0.000c 
0.0000 
o.occ0 
o.ocoo 
0.0u00 
o.oiro0 
0.0c00 

. 
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ABSBRPTIBN CEEFFICIENTS (l/CM-l/6TUUSI 

C 1 0 2 t G  

Y A Y €  NB.Il/CH) TERPERAfURES (CEG R I  

540. 1080- 1800. 2700. 3600. 4500. 5100. 

1750- 

18C0. 
ld25. 
1050. 

1775. 

1875. 
1900. 
lY25.  
1950. 
1975. 
2i)OO. 
202s. 
2050. 
2075. 
2100. 
2125. 
2150. 
2175. 
2200. 
2225. 
2250. 
2275 
2300. 
2325. 
2350. 
2375. 
2400. 
2425. 
2450. 
2475. 
2501). 
2525. 
2550. 
2575. 
2600. 
2625. 
2650. 
2675. 
2703. 
2725. 
27S0. 
2775. 
2800. 
2625. 
2850. 

2900. 

2950. 
2975. 

2a75. 

2925.  

0 ~ 0 0 0 0  0.0000 C - 0 0 0 0  0.0000 C.0000 
0.0000 0.0000 0.000G 0.0000 0.3000 
0.0000 0.0000 0.0000 0-0000 0.0000 

0.0000 0.0000 0.0UOV 0.CO00 O.UO00 

0.0000 0.0000 0.0000 0.0000 0.0300 
0.0000 0.OJOO 0.OJ00 0.0000 0.O000 
0.0000 0.0000 0.0C00 0.5000 0.0000 
0-0000 0.000C 0;0000 0.0000 0.3061 
0.0000 0.0000 0.0000 0.3000 0.0157 
0.0000 0.0000 0.0000 0.0019 0.3449 
0.0000 0.0000 0.000U 0.0037 0.lJ742 
0.0000 0.0000 0.0000 0.0278 0.3449 
0.0000 0.0000 0.3015 0.0520 0.6156 
0.0000 0.0000 0.0000 0.2666 1.5058 

0.0000 @.OS00 0.0900 1.3723 4-32-37 

0.0000 o.oaoo 0.0000 o.oooo 0 . ~ 0 0 0  

3.oooa a.0000 0.0000 0.0000 0.0300 

0.0000 o.3oao 0.300~ 0 . ~ 2 ~ 2  z . m i  

0.0000 0 . u i r i  1.2202 6.6290 10.4040 

1.6960 15.5000 2 1 . 9 ~ 7  2 0 . 4 ~ 0 0  17.4766 

0.0000 0.0000 0.2160 3.1600 7.1236 

0.0000 0.2829 4.Y063 11.6800 14.J028 
0.0206 2.8160 11.9954 11.2600 16.2874 

36.6000 35.5200 26.0571 20.3400 16.1373 
11.3600 20.0L00 23.647b 20.2800 14.5700 
24.1000 34.3600 25.1523 14.4600 8.7566 
0.0000 0.0000 0.0000 0.0000 0.?)000 
0.0000 0.0000 0 . 0 0 0 ~  0.0000 0.3i)QO 
0.0000 0.0090 Q.OGQ(r 0.0000 C.CO00 
0.0000 0.030C 0.000J 0.0000 0.3500 
0.5000 0.0000 0.000G 0.0000 0.3000 
0.0000 0.00U0 0 . 0 0 0 ~  0.0900 6 . ~ 3 0 0  

0-0000 0.0000 0.O'JOO O.r)000 9.5065 
C.0000 0.3000 0.0000 0.0000 0.0000 

o.aoao o.oooo o.oooo 0.0000 0.0000 

0.0000 0.9009 0.900~ O.CO00 0.1300 
0.0000 o.o3oa o.ooao o.cooo o . m m  
0.0000 0.0000 0.0003 0.0000 0.3000 
0.0000 0.0000 0.0000 0.CO00 0.J000 
0.0000 0.3000 0.000U 0.0000 0.3000 
0.0000 0.5000 0.050'J 0.0000 0.3300 
9.0000 0.0000 0.000U 0.9030 3.1)300 
0.0060 0.0000 0.0000 0.0000 0.N00 
0.0000 0.0300 0 . 0 6 0 ~  0.0000 3.9000 
0.0000 0.3900 0 . 0 0 0 ~  0.CO00 C.UO00 
Q.OOOO 0.0000 o.ooa:, o.0000 3 . ~ 0 0 0  

o.oooa o m o o  0.000i) o.0000 0.3000 

C.0000 5.0000 0.000'J 0.0000 0.li000 
0.0000 0.0000 0.0003 0.0900 0 . ~ 0 0 0  

0.0000 0.0000 0.000.J 0.00CO J.1000 

0.0000 
0 .GO00 
0.0000 
0.00C0 
0 .0000 
0.0000 
0.0032 
0.0069 
0.0106 
0.0966 
0.1815 
0.4248 
0 e6670  
1 .J280 
1 e9899 
3 5294 
5.0608 
7.1303 
9.7180 

12.4500 
13.8074 
14.4967 
15.3763 
12.6535 
10.4751 
5.4816 
0.5000 
0.0000 
0.0000 
0.3000 

0.0000 
0 .0000 
0 .0000 
0 .0000 
0.000c 
0 .0000 
0.0000 
0 .9000 
O.i)000 
0.0000 
0 .5000 
0 .0000 

0 -0000 

0 .a000 

o m c a  
0 .0000 
0.00C0 
0.0000 
0 .0000 
0 .MOO 

0.0900 
0 .0000 
0.0c00 
0.0cc0 
0.0000 
3.oc00 
0.0692 
0.1476 
0.2259 
0.4400 
0.6558 
1.1590 
1 e6620 
2.6560 
3.6510 
5.4830 
7.3150 
0.6700 

10. 6b00 
12.01c0 
12.3600 
12.1600 
13.1700 
9.2910 
7.1760 

0.0000 
0.0000 
0.0000 
0 . 0 O C O  
0.occ0 
0.0000 
0.0000 
3.0000 
0 0000 
0.0000 
0.0000 
0.0000 
0.0cc0 
0.0cc0 
0.0C100 
0.0000 
o.occ0 
0.OC00 
o.ou00 
0.0000 
0.0GO0 
o.occ0 
o.oc00 
0.0000 

2.6530 

FIG. 15. 
(continued) 
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I 

UAVE N0. ( l / C H I  

3.300. 
3325. 
3050. 
3075. 
3100. 
3125. 
3150.  
3175. 
3200. 
3225. 
3250. 
3275. 
3300. 
3325. 
3350. 
3375. 
3400. 
3425. 
3450. 
3475. 
3500. 
3525. 
3550. 
3575. 
3600. 
3625. 
3650. 
3675. 
3700. 
3725. 
37 50. 
3775. 

120 

ABSBRPTIBN Ck?EFFICIENT5 ( l / C H - l / A T C @ S )  

C102 ( G  

T E W P E R A T U R S S  f DEG R )  

540. 10t0. 1800. 2700. 3630. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
o.(iooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0013 
0.0212 
0.1106 
0.6342 
0.8115 
0.0071 
0.5859 
0.8999 
1.1590 
0.0454 
0.r)ooo 

0.0000 
o.uoo0 

0.000c 
0.0000 
0.0000 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.3300 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.~000 
0 -3004 
0.0037 
0.0180 
0.0685 
0.1684 
0.2716 
0.4255 
0.3494 
0.1127 
0.267 1 
0.6584 
0.5998 
0.3965 
0.0000 

o.oaoo 

0.0000 
c.0000 
0.000~ 
0.0003 
o.oooc, 
0.0000 
0.0000 
0.030J 
0.0003 
0.OOOd 
0.0002 
0.0504 
0.oooir 
0.0005 
0.0000 
0.000" 
0.0046 
0.3168 
0.0 37 3 
0.0744 
0.1 305 
0.1964 
0.2601 
0.2771 

0.1996 
0.2983 

0.2692 

0.5059 
0.4612 
0.5998 
0.OOOd 

0.4113 

0.0000 
0.0000 
0.0000 
0.c300 
0.000?7 
0.0000 
0.0000 
0.0ooi3 
0.0000 
0.0005 
0.0015 
0.0035 
0.0069 
0.0136 
0.0241 
0.0409 
0.0649 
0.1004 

0.1927 
0.24.22 
0.2468 
0.2818 
0.2632 
0.2952 
0.2797 
0.4261 
0.4921 
0.4722 
0.4953 
0.5755 

0.1433 

0. m o o  

0.0000 
o.uoo0 
0.3000 
0.3000 
O.OOC8 
O . J O 1 6  
0.3023 
0 . ~ 0 4 8  
0.3086 
0.0131 
0.J210 
0.7323 
0.2464 
0.3664 
0.3683 

0.1535 
0.1198 

0.2157 
0.2413 
0.2527 
0.2761 
0 . ~ 7 9 0  
0.2925 
3.3034 
0.3618 
0.4251 
0.4974 

0.4952 
0.4867 
0.4377 

0.5950 

0. J J O O  

4500. 

0.0005 
0. ,1004 
O.dO10 
0.0010 
0.0095 
0.0152 
0.0209 
0.0303 
0.0381 
0.0528 
0.06b6 
0.3899 
0.1142 
0.1398 
0.1651 

0.2230 

0.3156 

0.3064 
0.3217 
0.3509 
0.3867 
0.4500 
0 . 5 0 4 4  
0.5438 
0.5355 
0.5311 
0.4513 
0.3266 
0.0000 

0.1929 

0.2514 

0.2870 

5400. 

0.0117 
0.0147 
0.0203 
0.0258 
0.0336 
0 . 0 4 4 3  
0.0551 
0.0743 
0 . 0 6 3 4  
0.1062 
0.1276 
0.1469 
0.1k11 
0.1975 
0.2468 
0.23E8 
0.2637 
0 . 3 ~ 6 1  
0.3905 
0.3268 
0.3501 
0.37S7 
0.4173 
0.4608 
0.5C50 
0.5549 
0.5642 
0.5468 
0.5259 
0.3645 
0.2300 
o.ocoo 



J 

c 

I 

I 

1500. 
1525. 
1550. 
1575 
1600. 
1625. 
1650. 
1675. 
1700. 
1725. 
1750. 
1775. 
1800. 
1825. 
1850. 
1d75. 
LYCO. 
1925. 
1950. 
1975. 
2003. 
2025. 
2050. 
2075. 
2100. 
2125. 
2150. 
2175. 
Z Z O O .  
2225. 
2250. 
22 75 
Z 3 C O .  
2325. 
2350. 

ABSBRPTIBN CeEFF I C I E k l S  

C l B l ( G  

TEl4PERATURiS 

540. 1080. 1803. 

0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.i)ooo 
0 .oooo 
0 .oooo 
0 .oooo 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.0000 
0.5000 
0.0088 
0. 1077 
0.1099 
2.0558 
2.4149 
1.2083 
3.5836 
1.4715 
0.1396 
0.0023 
0 . 0000 
0.0000 
0.0000 
0.0000 

O.OJO0 
0.0000 
0.0900 
0.0000 
0.0000 
0 .oooo 
0 . J O O O  
0.0000 
0.0000 
0.0000 
0.0000 
il.0000 
0.0000 
0 .0000 
0.0000 
0.0000 
0.0000 
0.001 1 
0.0022 
0.0280 
0.0537 
0.0220 
0.5814 
1.0989 
1 .a48 1 
1.0989 
0.6300 
2.4248 
2.1995 
0.8110 
0.1399 
0.0069 
0.5000 
0.0000 
0.5300 

0.0000 
0.0000 
0.0000 
0.0000 
0.0003 
0 . 0 0 0 ~  
0.00Od 
0.0000 
0.3000 
c .000.3 
0.0903 
0.0000 
0.0000 
0 .5503 
0.0000 
0.0019 
0.0044 
O . O C 8 L  
0.0125 
0.1355 
0.2590 
0.1030 
0.9d71 
1.1806 
1.3747 
0.6977 
0.4659 

2 .0614  
1.3423 
0.5 167 
0.1 110 
0.0075 
c.0000 
0.0300 

1.6699 

( O E G  R )  

2700. 3630. 

0.0000 0.3000 
0.0000 O.JOO0 
0.0000 0.9000 
0.0003 O.dOO0 
0.0000 0.bOOO 
0 -0000 0 JOOO 
0.C500 0:)OOl 
0.0000 0.*3003 
0.0000 0.3005 
0.0001 0.3015 
O.OJ02 0 . i 0 2 4  
0.0008 3.aJ062 
0.0029 0.2125 
0.0050 0..3232 
0.0085 0.3564 
0.0251 0.7761 
0.0415 0.1167 
0.0872 0.2139 
3.1327 0.3122 
0.3184 0.4693 
0.5042 0.6264 

0.9813 0.4832 

0.9043 0.6903 

0.4853 0.d445 

0.9232 5.8766 

0.6664 0.4779 
0.5326 0.5549 
1.3056 1.1279 
1.5938 1.4220 
1.4418 1 . 3 3 4 0  
0.8596 0.9428 
0.3033 0.4688 
0.0571 0.1415 
0.0035 0.J188 
0.0000 3.1001 

4500. 

0.00c0 
0.0000 
0.0000 
0.0000 
0.0002 
0.0005 
0.0008 
0.0019 
0.0030 
0.0065 
0.0100 
0.0204 
0.0300 
0.0576 
0.0845 

0.19S7 
0.1434 

0.5031 
0.4039 
0.5307 
0.6575 
0.7149 

0.6937 
0.5626 
0.4599 
0.5869 
1.0222 
1 e2745 
1,2437 

0.7729 

0.9519 
0.5530 
0.2210 
3.04b2 
0 e 0 0  1 4  

5400 

o.occ1 
0.0002 
0.0003 
O.OCC7 
o.occ1 
0.0023 
0.0934 
0.0666 
0.0097 
0.0178 
0.0259 
0.0447 
0.0635 
0.1022 
0.14C9 
0.2C92 
0.2275 
0.3735 
0.4694 
0.5587 

0.6878 
0.6479 

0.6706 
0.5955 
0.4976 
G.4643 
0.6173 
0.9634 
1.1614 
1.1484 
6 .9317  
0.5’)@4 
0.2796 
0.0763 
0.0054 
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WAVE %0.  I l / C M )  

500. 
525. 
550. 
575. 
600. 
625. 
650. 
675. 
700. 
725. 
750. 
775. 
8CO. 
825. 
950. 
875. 
900. 
925. 
950. 
975. 

1003. 
1025. 
1350. 
1075. 
1100. 
1125. 
1150. 
1175. 
1200. 
1225. 
1250. 
1275. 
1300. 

1350. 
1375. 
1400. 

1450. 
1475. 
1500. 
1525. 

1325. 

1425. 

1553. 
1575. 
1600. 

1650.  
1675. 
1700. 
1725. 
1750. 

lbZ5. 

F 1NE STRUCTURE P A R A M E T E R S  11/01 

ClPl2lG 

T E Y P E R A f U R t - S  I O E G  R l  

540. 

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6  
2.6 
2.6 
2.6 
2 .6  
2 . 6  
2 . 6  
2 . 6  
2.6 
2 . 6  
2 0 6  
2.6 
2 . 6  
2.6 
2.6 
2.6  
2.6 
2.6 
2-6  
2.6 
2.6 
2.6 
2 . 6  
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2 . 6  
2 . 6  
2.6  
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 

1083. 

1 4 . 5  
14.5 
14.5 
14.5 
1 4 . 5  
14.5 
14.5 

14.5 
14.5 
14.5 
14.5 
14.5 
1 4 . 5  
14.5 
14.5 
1 4 . 5  
14.5 

14.5 

14.5 
14.5 
14.5 
14.5 
14.5 
1 4 . 5  
14.5 
14.5 
14.5 
14; 5 

14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
14.5 
1 4 . 5  
14.5 
14.5 
14.5 
1 4 . 5  
1 4 . 5  
14.5 

1 4 . 5  

1800. 

107.2 
137.2 
107.2 
107.2 
107.2 
107.2 
107.L 
107.2 
1 0 7 . ~  
107.2 
107.2 
107.2 
107.L 
107.2 
107.2 
107.2 
137.2 
107 2 
137.2 
107.L 
107.L 
107.2 
107.2 
107.2 
137.i 
107.2 
107.2 
107.2 
137.2 
137.L 
137.2 

137.2 
lo?. 2 
137.2 
107.L 
107.2 
107.2 
137.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.2 
107.L 
107.2 
107.2 
137.2 
107.2 
107.2 

107.2 

27G5. 

400.8 
430.6 
400.8 
400.8 
400.8 
4C0.8 
4C0.8 
400.8 
400.8 
400 - 8  
400.6 
400.8 
400.8 
400.6 
400.8 
4C0.8 
400.8 
400.6 
405.8 
400.8 
430.6 
400.8 
430.8 
400.6 
400.8 
400.8 

400.8 
400.& 
400.8 
4 0 0 . 0  
403.8 
400.6 
400.8 
435.6 
400.8 
400.6 
403.8 
403.8 
400.8 
455.6 
400.8 
430.8 
400.6 
400.8 
40O.8 
433.8 
400.8 
430.8 
403.6 

430.8 

499.a 

FIG. 15. 
(continued) 

36 1 3 .  

1350.0 

1353.0 

1350.0 
1350.0 
1350.0 

1350.0 

1 3.1 5.0 
1350.0 
1350.0 
1353.0 
1350.0 
13'10.0 
1350.0 
1350.0 
135d.O 

1350.0 
1350.0 
1350.0 
135 0.0 

1350.0 

1350.0 

13'~o.O 

1353.0 

13>0.0 

1354.0 
13>3.0 
1359.0 
1 3') 0. @ 
1350.0 
1350.0 
1353.0 
1350.0 
1350.0 

1359.0 
13'13.0 
1350.0 
1320.0 
1359.0 
13!,3.0 
1353.0 

1353.0 
1350.0 
1353.0 

1353.0 
13!*0.0 
1350.0 

1 3 23 . 0 

1353.0 

135J.O 

1350.0 

1350.0 

4500. 

3324 3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 

3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 

3324.3 

5405. 

701S.O 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
701500 
7015.0 
7015.0 
7015.0 
7015.0 

7015.0 7015.0 

7015.0 
7015.0 
7015.0 
7013.0 
7015.0 
701S.O 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7 0 1 S . O  
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 
7015.0 

7015.0 

7015.0 
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1775. 
1900. 
ld25. 
1850. 
id750 
1900. 
1925. 
1950. 
LY75. 
z000. 
2025. 
2350, 
2075- 
2100. 
2125. 
2150. 
2 175- 
22CO. 
2225. 
2250. 
2275. 
2300- 
2325. 
23%. 
2375. 
2 w .  
2425- 
24%. 
2475. 
2500- 
2525. 
2553. 
2575. 
2600. 
2625. 

2675. 
27CO. 

2750. 
2775. 
2800. 
2825. 
2850. 
2875. 
2900. 

2950. 
2975. 
3000. 
3025- 

2650. 

2725. 

2925. 

FINE STRUCTURE PARAMkTtRS ( l / C )  

Cl02(t i  

TERPERATURCS (CEG R )  

540. 

2.6 
2.6 
2 .6  

2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.6 
2.5 
2.3 
1.4 
2.8 
1.1 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.6 

lC80. 

14. 5 
14. 5 
14.5 
14. 5 
14.5 
14.5 
14.5 
L4.5 
14.5 
14. 5 
14.5 
14.5 
14. 5 
14. 5 
14.5 
14.5 
14. 5 
14.5 
14.2 
L3.7 
11.7 
7.8 
5.7 
8.0 
2.1 
0.0 
0. 0 
0. 0 
0.0 
0.0 
0.0 
0.0 
J. 0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

1800. 

10 7.L 
107.2 
107.2 
LO ?.L 
107.2 
LO7 L 
107.2 
107.2 
107.2 
107.2 

107.2 
107.2 
106 - 1 
102.9 
96.4 

74.3 
76.9 
6a.3 
42.4 
68.2 
22.6 
16.6 
4. 1 
0.3 
0.3 
0.0 
c.0 
0.0 
0.0 
0.0 
0.U 
0.0 
G O 0  
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.i) 
0.0 
0.0 
0.3 
0.0 
0.0 
0 .U  
0.3 
0.0 

107.2 

a i . 7  

FIG. 15. 
(continued) 

27J0. 

430.8 
400 8 
400.8 
400.8 
400.8 
400 08 
400.8 
400.8 
400.8 
400.8 
400.8 
400.8 
400.8 
400.8 
400.3 
40008 
389.5 
353.5 
257.5 
174.3 
140.3 
109.1 

1 3 . 3  
34.3 
7.5 
0.0 
9.0 
0.0 
0.0 
0.0 
0 03 
9.9 
0.0 
0.0 
0.5 
0.0 
0.0 
0.0 
0 00 
3.0 
0.0 
0.0 
0.9 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3 b ) O .  

1333.0 
1350.0 
1350.0 

1359.3 
1350.0 
1353.0 
1350.0 
13S3.0 
135000 
1354.6 
1362.9 
1363.2 
1325.6 
1212.9 
1044. 1 

855.4 
6'43.3 

346.8 
2S4.1 
2f6.2 
32.8 
39.4 
6.5 
0.0 
0.3 
0.0 
0.0 
0.0 
9.0 
0.0 
3.a 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
3.0 

13 i4.0 

377.2 

4503. 

3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3324.3 
3250.7 
316607 
3015.4 
279605 
2345.3 
1961.9 
1415.0 
1019.8 
1151.4 
471.7 
397.0 
341 1 
116.8 
51 -6 
7.1 
0.0 
0 00 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0 .0  
0.0 
0.0 
0.0 
0 .O 
0.0 
0.0 
0.0 
0.0 
0.0 
0 -0 
0.0 
0.0 
0.0 

5400 . 
7015.0 
7015.0 
7015.0 

7015.0 
7015.0 
7015~0 

701!~ .0  
7015.0 

5373.0 
4402 5 
3582.0 

7015.0 

7015.0 

6335.5 

292a.5 

~263.0 

2313.0 
1719.5 

8979.5 
634.3 
414.2 
415.2 
129.2 

56.0 
6.3 
iJ 00 
0.0 
0.0 
0.0 
(2.0 
0.0 
0 00 
0.0 
J 00 
9.0 
J.0  
0.0 
J.0  
J .0  
0.0 
c 00 
0.0 
0.0 
0.0 
0.0 
2.0 
0.0 
0 00 
0.0 
3.0 
0 00 
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FINE STRUCTURE PARAMCTC.RS ( 1 / C )  

t 1 0 2 ( G  

U A V E  N0. ( l / C M l  TEMPERATURES (C€G R l  

540. 1C80. 1800. 2700. 3600. 4500. 5400. 

3050. 
3075. 
3100. 
3125. 
3150. 
3175. 

3225. 
3200. 

3250. 
3275.  
3300. 
3325. 
3350. 
3375. 
3400. 
3425. 
3450. 
347 5. 
3500. 
3525. 
3550. 
3575. 
3600. 
3625. 
3650. 
3675. 
3700. 
3725. 
3150. 
3775. 

0.0 
0.0 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.2 
1.3 
1.3 
1.4 
1.5 
1.6 
1.7 
1.9 
2.1 
2.4 
2.9 
2.9 
1.9 
1.1 
0.8 
1.7 
0.8 
1.1 
1.8 
3.6 
2.4 

0.0 
0.0 
7.2 
7.2 
7.2 
7.3 
7.4 
7.4 
7.5 
7.7 
7.9 
8.3 
3.8 
9.6 

10.7 
12.3 
14.5 
17.2 
17.3 
14.5 
10.3 

5.9 
3.7 
1.6 
5.7 
6.5 
6.3 
8.0 
5.5 
4.4 

3.0 
0.0 

49.7 
49.7 
49.7 

52.4 
57.0 
65.1 
73.Y 
96.1 

166.2 
151.6 

5o.a 

1 2 7 . ~  
192.4 
123.4 

65.2 
4d.4 
35.3 
27.9 
29.4 
26.4 

83.1 

54.2 
6 4 . 5  
59.4 
49.3 

14.1 
Q.0 

40.8 

0.0 
0.0 

244.0 
244.0 
244;O 
246.6 
256.2 
271.0 
306.7 
359.0 
427.0 
533.3 
662 3 
788.7 
697.2 
479.3 
284.1 
175.1 
115.0 

64.5 
57.9 

1C9.1 
184 .1  

133.7 

286.4 
270.3 

ld1.4 
41.4 
30.5 

228.4 

0 .o 
3.0 

938.4 
938.4 
908.4 
859.5 
924.9 

l l 'J6.4 
10 <I 3 2 

1432.0 
19E0.8 
3634.1 
3872.3 
4013.3 
4750.0 
2115.3 

803.3 
382.5 
224.5 
157.5 
120 .o 
119.1 
4 3 8 . 0  

1020.1 
1735.5 
1638.3 

048 - 8  
577.7 

33.2 
59.9 

0 .o 
0.0 

1551 - 4  
1551 - 4  
1551 e 4  
1160.5 
1525.9 
1659.3 
1916.8 
2388.7 
3351.3 
6314.3 
67b7.2 
5916.5 
8043 - 0  
3560.8 
1276.4 

576.1 
328.2 
227.2 
172.9 
174.9 
730.3 

1748.0 
2943.2 
2030.9 
1404 - 4  
937.4 
141.6 

91.0 

E L C C K I h G  C l P C l E S  

x b 2 R T Y P E  

c .ccoc c . c c c c  3E:CSCC C C.CI.CC 
7 ;(( tc ~- - ( ;cpoc - 2 CTKC c 

c .COCC -1c .cccc  ?S.CCCC C c . c c c c  
.~ ,~ ~ .c - - . 

z c ; ( 9 c c !  C C . C ( C C  i . c c o c  - 4 c . c c c c  
( .c ooc L : .  i c c o  7x t cc  C 
c .ccl;r, - t C . C C C C  i c .  l l C C  C c .cc c c  

c . c c c-t C .  C C ~ ~ - - - = T ~ ~ ~ - ~ . T ~ 2 ~ - - ~ - -  
( .CCLC - E C  . c c c c  14.13.7Q C sc  .C-c-cr------ 

1 1 ; T 4 m - - - - - r -  
5 . t f C C  C c . c c c c  c .cccc - 1 c c . c c c c  

. . r  C.CC,$C -11c  . c ( T c r  S.tSCO L 
s.escc C c . c c c c  c . c o 0 c  - 1 2 c . c c c c  c*-c<-c - - - 

c . c c c c  

2 ; m c c  
. C  TiCBOr: - -  - 3 K ? r F - z s ; c e c o  7- 

- c c c  

-c-,.cccc- C . C C S C  . (  c~co'  

c ;CFc,t;---~-~=II3r'.ZrcT- s .c5c( I  - 7--- 
I .CCLL _- - i 2 7 . c c c c  ---- 1 3 c . c c c c  -. 1 ... ... .... - 

FIG. 15. 
(con ti nued) 

0.0 
c.0 

2241.0 
2241 -0 
2241.0 
1385.9 
2191.7 
2368 - 2  
2762 -7  
3456.5 
4899.0 
9396 - 8  

10015.8 
8632.4 
9179.2 
5207 - 8  
1793.6 
782.9 
437.5 
291  e2 
228.3 
235.7 

IO57 6 
2579.4 
4354.4 
4191.3 
2021.9 
1332.1 

120.5 
193.4 
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PLUME R A O I A N C i  C A L C U L A T I B N  (2-01. R U N  60703 DATE e F  RUN- 0 7 2 ~ 6 7  

(GENERAL K A D I A T I B N I  

F I E L D  IDENTIF I C A T I  EN- 62/CZH4rB/F~2.ZS~PC~lOOO 

CBNSTITUENTS aF INTEREST- H 2 0 l f G I  C 102 (GI C 1 5 1 ( G )  CARtMN 

CAL F-1 (0Z/C2H4~0/F~2.25~PC~lOOOl E X I T  START AT 120K A L T I T U D E  

CBPROINATES BF B B S E R V A T I P N  P B I N T  

X- 117.00 INCHES 
Y= 0.00 I N C H E S  
21 -260.00 INCHES 

I ? J C L I N A T I B N  OF PLANE BF INTEREST 310.00 DEGREES 

A B S B R P l I U N  C P F F F I C I E N T S  LESS THAN 0.0001 ARE CBNSIOEREO 10 BE ZERB. 

THE CARB0N MASS F K A C T I B N  ICPUNOS CARB0N PER PBUNO CAS)  IS 

TECPERATURE S f E P  S I Z E  = 100.0 

o.asoo 

L I C l T S  PF I N T E G R A T I B N  

VAW I A B L E  UNITS LBWER UPPER 

THETA OEGREES 40.000 90 .OOO 
Pti I OEGREES 0.000 45.000 

WAVE NB. l / C M  so 7503 
S I NCHE S 0.000 ROO.OOO 

SCALE F ACTBRS 

FLBY F I E L D  O I M E N S I P N S  0.54357 ALBSORPTION C0EFS 
FLBY FIELO TEMPERATURES 1.Of)OOO SHAPE FACTOH 
FLBW FIELD PRCSSURES 1 .ooooo 
FLBY F I E L D  U 0 L E  F R A C T I P N S  1 .ooooo 
1/c 1,00000 

INCREW E N 1  

5.000 
5.000 

25 
12.000 

1.coooc 
1.00000 
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ACCUMULATIBN C F  FLUX 

THETA 

45.000 
50.000 
55.000 
60.050 
65.00C 
70.000 
75.900 
80.000 
95.000 
90.590 

. 
w i i t t  R ~ S P E - C T  l e  THETA 

FLUX 

7.525846EE-C2 
1.5762736E-01 
Z.Zl61156E-01 
3.5 173492 E-0 1 
5.~247250E-31 
6.utO8298i-01 
6.6138598E-01 
7.3170699E-01 
7.3708996E-01 
7.44Y323ZC-01 

F =  0.74493232E 00 8TU/SQ-FT-SEC 

C A L C U L A T I C N  T I M E  648 SECBNCS 

FIG. 15 
(con t i nu ei) 
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. 

h 

OISTRIBUTIBN 0F FLUX WITH R,GARO 10 WAVE NUMBER 

LAMBOA 

200.0000 
133.3333 
1oa.oooo 

eo. 3000 
66.6667 
57.. 1429 
50.3000 
44.4444 
40.5000 
36.3636 
33.3333 
30.7692 
28.5714 
L6.6667 
25.5000 
23.5294 
22.2222 
21.c7526 
20.0000 
19 6'476 
18.1818 
17.3913 
16.6667 
16 3000 
15.3846 
14.0148 
14.2857 
13. ' 9 3 1  
13.3333 
12.Y032 
12.5000 
12.1212 
11 647 
11.4286 
1 1 . l l l l  
10.4 108 
LO. 5263 
10 2 564 
10.9000 

9.7561 
9.5238 
9.3023 
9.9909 
8."889 
8. b957 
8.5106 
8.3333 
8.1633 
8. )OOO 
7 u L a 1  

I-LAPBOA Y A V t  NUPMER 

1.2584446E-09 

1.162 3902E-07 
4.6606180E-07 
1.415506?E-06 
3.49975086-06 
7.3392453E-Ob 
1.3505293E-05 

3.5104404E-05 

i . i i i 5 2 8 4 ~ - 0 8  

2.2536371 t -05 

5.1756792E-05 
7 2 6 1209 1 E-05 

1 2949943 +04 
1 6 354449 E-04 
2.0300066E-04 
2.4627849C-J4 
2 92 1553 12-04 

3.8854306C-04 

9.8 164569E-05 

3.4006949 E-04 

4.466 32 57 € 4 4  

7.0413332E-34 
5 11289SBE-04 

1.0096038E-03 
1.6234212E-33 
2.079608OE-03 
1.8414485E-03 

1.1511259E-03 
1.6215593E-03 

7 754731 1 C-04 
6.021 5368E-04 
4.94740076-04 
4.342 1956E-04 
4.04051 16E-94 

3.6513424E-04 
3.6564946E-04 
3.78747406-04 

2.04835 3 1  E-0 3 
2.3596490E-03 

3 72 88223E-04 

1.7738999 E-J 3 

2 . 7 i o n 4 b i ~ - 0 3  

3.641 a a r 2 ~ - 0 3  

5 .e408626 E-03 

3 11 0 6091 E-03 

4.2 79 18 196-03 
5.0387806 E-33 

6.65795 37E-33 
7.453 1247E-t)3 
0 7 l O O ~ 1 Q C - l l 1  

50.0 
75.0 
130.0 
125.0 
150.0 
175.0 
200.0 
225.0 
250.0 
275.0  
300.0 

350.0 
375.0 
400.0 
425.0 
450.0  
475.0 
500.0 
525.0 
550.0 
575.0 
630.0 
625.0 
650.0 
6.15-0 
700.0 

750.0 
7 7 5 . 0  
800 -0 
625.0  
050.0  

900.9 
925.0 
950.0 
975.0 

1003.0 

1350.0 
1075.0 
1100.0 
1125-0 
1150.0 
A175.0 
12i)o.o 
1225.0  
lL5O.O 
1 2 7 5 . 0  

325.0 

725.0 

675.0 

i tx5 .a  

FIG. 15. 
(continued ) 

FLUX 

1.34234096-07 

2.952 1 J 2  1:-06 

1.5837838E-05 
Z.d715904E-05 
4.60501676-05 
6.6899204f-05 

1.1628788E-04 
1.4401890E-04 
I .  721  17555-04 
2 .  DO59 17 1E-04 
2.2069754C-04 

2 .  b 121303+04 
3.0428231E-04 
3.2394213t-04 
3.4030219E-04 
3.526 199 LE-04 

3.d679118E-04 
4.8919380E-04 
6.4640502E-94 
9.6495967E-04 
1.1414658E-03 
9.39814246-04 
7.7140230<-04 
5.1175 36 6s-04 
3.228603 IE-04 

1.81164446-04 
1 .5028 149E-04 
1.3196397i-04 
I .  L510931E-04 
1.3670590E-04 
1.0130548'-04 

4.4354429t-04 
4.8748550E-04 
5.3514365C-04 
5.8652520E-04 
6.4442396E-04 
7.1945d14i-04 
8.0901582i-04 
9.1251262i-04 
1.3 14 1487E-0 3 
1.1092956E-03 
1.19261925-03 
1.764lS13€-03 

7 . a t 4 1 2 9 8 ~ - 0 7  

7 9 5 3 2 3 120 E-06 

9.03714 1%-05 

2 . 5 5 7 8 8 0 7 ~ - a 4  

3 .6930a59~-04 

Z . ~ S Z ~ ~ ~ Z E - I J ~  

9.962 1214E-05 
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O I S T R I B U T I B N  L)F FLUX WITH REGARO TG WAVE NUMBER 

L A  !CY 0 A 

7.6923 
7 5472 
7.4074 
7.2127 
7.1429 
1.5175 
6.e966 
6.7797 
6.6667 
6.3574 
6.4516 
6.3492 
6.2500 

6.3606 
5.9751 

6.1538 

5.8824 
5.7971 
5.7143 
5.6338 
5.5556 
5.4795 
5.4054 
5.3333 
5.2632 
5.1948 
5.1282 
5.3633 
5.3000 
4.9383 
4.e.780 
4.e193 
4.’619 
4 . 7 0 5 9  
4.6512 
4.5977 
4.5455 
4.4944 
4.4444 
4.3956 
4.3478 
4.3011 
4.2553 
4.2105 
4.1667 
4.1237 

4.3404 
4.9000 
3.9604 

4 ‘I8 16 

I-LAMBDA W A V c  RUCBER FLUX 

9.1540409 5 0 3  

1.077 32 76 E-02 
1.1509159E-02 
1.2537121E-02 
1.3709258E-02 
1.5 166744 E-02 
1.6493266E-02 
1.6106472E-02 
1.8375044E-02 
1.7548957E-02 
1.6610369E-02 
1.7487291E-02 
1.8718669E-02 
2.0787170E-02 
2.2500998E-02 

1 00611 92 E-02 

2 4 64 89 23 E-02 
2.6574424E-02 
2.7779601 E-02 
2.9030850E-02 
3.040 1156E-Cl2 

3.2990424E-02 

3.5451680E-02 

3.8734504t-02 

4.3600648E-02 

4.7960806E-32 
5.0545555E-32 
5.32 152 10E-02 

6.4428438E-02 
7.61 93801 E-02 
9.078 32 84E-02 

3 16379 02 E-02 

3 -3996181 E-02 

3.72741 62 E-02 

4.1328568E-52 

4 47 223 63 E-42 

5 90 165’32 E-32 

1~0363Y69E-0 1 
1 1255287E-01 
1.1755095E-01 
1. 2 2 72797 E-0 1 
1 .239e746~-01  
1.2513660E-01 
1.1478278E-31 
7.1032OOOE-02 
7.3342438t-02 
7.56836976-92 
7.8057942E-02 
8.04611a2 E-02 
8 2893333 E-02 

1300.0 
1325.0 
1350.0 

1400.0 

1450.0 

1500.0 

1550.0 
1575.0 
1 h O O . O  
1625.0 
1650.0 

1700.0 
1725.0 
1750.0 
1775.0 
1800.0 
1625.0 
1850.0 

1375.5 

1425.0 

1475.0 

1525.0 

1675.0 

ie75.0 
1900 -0 

1950.0 
1975.3 
2000.0 
L025.0 
ZU50.0 
2075.0 
2100.0 
L125.O 
~150.0 
2175.0 
2230.0 
2225.0 
2250.0 
L275.0 
5350.0 
~ 3 L 5 . 0  
2350.0 
2375.0 
2400.0 
2425.0 
2450.0 
2475.0 
2550.0 
2525.0 

1925.0 

FIG. 15 
(con t i nu ed) 

1.3542733t-03 

1.4779424E-03 

1.599250 1 E-03 

1.4328355i-03 

1.5219981E-03 

1 e6879426E-03 
1 803 55 19E-03 
1.8953692E-03 

1 97 54 12 9 E- 0 3 
2.5119700E-03 

1 -6262329f-03 
1.6740857E-03 
1.707847SE-03 
1.777 9674t-  0 3 
1 -9089406E-03 
2 0 0 5 10  1 5 E- 0 3 
2,132373 l e 0 3  
2-2327931E-03 
2.2678 3826-03 
2 . 3 0 3 6 9 2 9 ~ 0 3  
2.3458814€-03 

2.4099292E-03 
2.4176136i-03 

2 . 5  148 07 5E- 03 
2.5467 5 19E-03 

2 .7251470503 
2.7 2 6 b 6 1 7 E- 0 3 
2.8 5 52 17 7 E- 03 
2.9349624:-03 
3.0168422t-03 

3.48461965-03 
4.0267575E-03 
4.6893706t-03 
5 -233832 1 E-03 
5.5583371i-03 
5.675860 1E-03 
5.800 1699 5-03 
5.7343531i-03 
5 -66501 32E-03 
5.0874666C-03 
3.0833698E-03 
3.1180524E-03 
3.1522561E-03 

3.2115278E-03 
3.25048005-03 

2.3748836E-03 

2 4552088E-0 3 

2.6489488C-03 

3.2674677E-03 

3 18 57947E-0 3 
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O I S T R l l j U T I 0 N  !dF FLUX HIM REGARD T 0  WbVE NUMBER 

L A W O A  

3.9216 
3.8835 
3.8462 

3.7736 
3.7383 
3.7037 
3.6697 
3. b364 
3.6036 
3,5714 
3.5398 
3.5088 
3.4783 
3.4483 
3.4188 
3.3898 
3.3613 
3.3333 
3 3058 
3.2787 
3.2520 
3.2256 
3.2000 
3.1746 
3.1496 
3.1250 
3.1008 
3 0 3769 
3.3s34 
3.0303 
3 .!lo75 
2.9851 
2.9630 
2.9412 
2.9197 
2.3986 

2.3571 
2.4369 
2.9169 
2 7972 
2.7778 
2.7586 
2 7397 

2 7027 
2.6846 
2 6667 

3.8095 

2.~711 

2.7211 

2. h490 

I-LAMBOA YAY: NUR8ER 

8 5352324 E-02 
8.7860927E-02 
9.0407951E-02 
9.2995184E-02 
9.5607096E-02 
9.81946696-02 

1 eJ347587E-01 
1.06169765-01 
1.0890221 € 4 1  
1 116O421 E-0 1 
1 1432900E-01 
1 171 3247E-01 
1 199 1120 6-0 1 

1.008 185%+Ol 

1.227 3002 E-01 
1.2555046E-01 
1 a2839087E-01 
1 3 134691 €-Ol 
1 .~424207E-OL 
1.37201896-01 
1.40 13496E-01 
1 43 350 146-0 1 
L.4638YlSE-Jl 
1.4953578E-01 
1 0 5254817E-0 1 
1 .5600443E-O1 
1 0 5 92 4457 E-0 1 

1.6596693E-01 
1.6255281 E-0 1 

1.6944255E-0 1 
1.72881986-01 
1.7649595E-01 

1 . 841 7901 € 4 1  
1.88462OlE-Ol 

1.9879251E-01 
2.0355071 E-01 
2 . 08 3 lb9SE-0 1 

i.~o2tmaa~-oi 

1 09382366E-01 

201274923E-01 
2.162 3955E-c) 1 
2 18 14582E-0 1 
2 0 21 393 12 E-0 1 
2.23229776-01 
2 -2984477E-01 
2. 3569579E-01 
2.4058222E-0 1 
2.41697 BO€-0 1 
2.4149401 E-01 
2.2364706E-01 

L550.0 
L575.0 
2600.0 
2625.0 
2650.0 

2700.0 

2750.0 
2775.0 
2800 .0 
2825.0 
2850.0 
2675.0 
2900 .o 
2925.3 
2950.0 
L975.0 
3000.0 
3025.0 
3050.0 
3075.0 
3100.Q 
3125.0 
3150.0 
3175.0 
32r)o.o 
3225.3 
3250.0 
3275.0 

3325.0 
3350.0 
3375.0 

3425.0 
3450 .O 
3475.0 

3525.0 

2675.0 

2725.0 

3300.0 

3400 e 0  

3500.0 

3550.0 

3600 -0 
3575.0 

3625.0 
3650.0 
3b75.0 

3725.0 

3775.0 

3100.0 

3750 .O 

FIG. 15. 
(continued) 

FLUX 

3.2815985C-03 
3.3127721E-03 
3.3435669E-03 
3.3740514E-03 

3.4307560E-03 
3.4575003f-03 
3.483816lE-03 

3.5355709E-03 
3.5588786E-03 
3.5815253E-03 
3.6052547E-03 

3,6484038€-03 
3.66871956-03 
3.6883991E-03 

304036748E-03 

3.5098168E-03 

3.6268724E-03 

3.710 1683E-03 
3.72901 11E-03 

3.1661198E-03 
3.7901386E-03 

3.74849366-03 

3.ao83124~-03 
3.828177LE-03 

3.86897756-03 
3.8878662E-03 
3.90734336-03 
3.9283168E-03 
3.9495372E-03 
3.9688810E-03 
3.9911458E-03 

4.0423932E-03 

4.1307740E-03 
4.17S4909E-03 
4.2141370E-03 

3.8435519E-03 

4.51621526-03 

4.0751907E-03 

4.251QZ05E-03 
4.LB050726-03 
4.2896693€-03 
4*2671717E-03 

4.24681906-03 
4.3131444E-03 
4-36296956-03 
4- 3934436E-03 

4.270rs21~-03 

4.3547682E-03 
4.2932747E-03 
3.9235036E-03 
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DISTRIBUTIBN 0F FLUX WlTH RLGARO T I  WAVE NUMBER 

L A N B O A  

2.6316 
2.6144 
2.5974 
2.5806 
2.5641 

2.5316 
2.5157 
2.5000 
2.484s 
2.4691 
2.4543 
2.4390 
2 .'1242 
2.4096 
2.3952 
2.3810 
2.3669 
2.3529 
2.3392 
2 .  ,256 
2.3121 
2.2989 
2.2857 
2.2727 
2.2599 
2.2472 
2.2346 
2.2222 
2.2099 

2 5478 

2.1978 
2.it15a 
2.1739 

2.1505 
2.1390 
2.1277 
2.1164 
2.1053 
2.3942 
2.1833 
2.3725 
2 .(I6 1 Y 
2.3513 
2 .  )406  
2.1305 
2.9202 
2.J101 
2 .  !OOO 
1.9900 

2.1622 

!-LAMBDA WAVc NUMBER 

2,2685066E-01 
2.303 1796 E-01 
2.3382980E-31 
2.3773519E-01 
2.4099390 E-01 
2.441 5762E-91 
2.4595963E-01 
2.4703626E-31 
2.4793635E-31 
2.4868503E-91 
2.4986053E-51 

2.523 6693E-91 
2.5413178E-01 
2.5606334E-31 

2 .  b020906E-31 
2 .6224561i -01  
2.6431607 E-01 
2.66491 05 E-0 1 
2.6845654E-Jl  
2.7044436 E-5 1 

2.744 05 06 E-9 1 
2.7634253E-31 
2 .7824290€-01  

2 5 1  131 64E-0 1 

2 . 5 8 1 6 5 a 5 ~ - 0 1  

2 7 2 4 6 1  82 E-01 

2.B012333E-01 
2.8200002E-01 
2.8380323E-31 
2.8557597 E-31 
2.8734555E-01 

2.90784 17 € - 3  1 
2.924 51 9 b  E-01 
2.94O9251 E-01 
2.957 1544E-S 1 
2.972 9752 E-01 
2.9888931 E-01 
3.3046960E-01 
3.0199h75E-91 
3.0353866 E - 9 1  
3.35074 13E-01 
3.0659268 E-01 
3.08 15491 E - 3 1  
3 .3954963E-01 
3 .1090Y30t -31  
3.12226J2E-01 

3.147897SE-D1 

2.8938109E-01 

3.135J447E-01 

3.1598289E-DI 

3830.0 
3825.0 
3850.0 
3875.0 
3930.0 
3925.0 
3950.0 
3975.3 
4300.0 
4 0 2 5  -5 
4050.0 
4075.0 
4100.3 
4125.0 
4150.0 
4175.0 
4L00.3 
4225.0 
4250.0 
4275.0 
4300.0 

4350.0 
4375.0 
4400.0 
4425.0 
4450.0 
4475.0  
4530.0  
4525.0 
4 5 5 3 . 0  
4575.0 
4603.0 
4625.0 
4650.0 
4675.0 
4733.0 
4725.0 
4750.0 
4775.0 
4630.0 
4625.0 
4830.0 
4 b 7 5 . 3  
4993.0 
4925.0 
4950.3 
4975.3  
5000.0 
>J25.9 

4325.0 

F L U X  

3 .9275124E-03 
3 - 9 3 5  50 76E-0 3 
3 .9438736E-03 
3. Y 5 8 1  713E-03 

3.9621907E-03 
3.9410686E-03 
3 .9086856i -03  

3 .9611502t -03  

3.  a 7 4 0 4 2 6  E-o 3 
3 837 5 4  39E-03 
3.8083052E-03 
3 . 7 8 0 8 5 7 5 t - 0 3  
3 . f535884:-03  
3.733834 SE-03 
3.7 170223E-03 
3 .7027240r-03  
3 .687a028i -03  
3.b728112E-03 
3 6 5 8  38 5 7 5 0 3  
3 .6442438E-03 
3 .62978395-03  
3 .6143053i -03  
3.5997367k-03 
3.5840Y55E-03 
3.3685016E-03 
3.3525567E-03 
3.5364 Y 22E-03 
3.5205 17 1E-0 3 
3 .5037707C-03 
3.48603632-03 
3.469964OE-03 
3 .45287415-03  
3.43556626-03 
3.4 180 173E-0 3 
3 .4003311t -03  
3 .3826253€-03  
3.3646404F-03 
3.3468504E-03 
3.3293264E-03 
3.3112998:-03 
3 .2933021--03  
3.2760738C-03 
3.2585261E-03 
3.241 6247E-03 
3 .2231534--03  
3.LO45248E-J 3 
3.18567515-03 
3.  L666519E-03 
3.1479170L-03 
3.1284854E-03 

L 

a 
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Y 

p .  

OISTRIBUTIBN b3F FLUX WITH RLCARO TE W I V E  :IUWBER 

LAMdOA 

1 .'a802 
1.Y704 
1.9b08 
1.9512 
1.'1417 
1.9324 
1.9231 
1.9139 
1.3048 
1 2957 
i . ~ e ~  
1.?779 
1.5692 
1 960'5 
1e.3519 
1 3433 
1.E34Y 
1 .?265 
1.9182 
1 .p 100 
1 ..IO18 
1.7937 
1.7857 
1.7778 
1 e1699 
1.7621 
I .  '544 
1. '467 
1.?391 
1. I 316  
1. :24l 
1 *-167 
1.7094 
1.7021 
1.5949 
1.6878 
1 e6807 
1 a6736 
1 .h667 
1 e6598 

1.6461 
1.~~393 
1 *a327 

1.6194 
1.0129 
1.6064 

1.6529 

1.6260 

1.600O 
1.5936 

I-LAIIBDA W b V t  NUMBER FLUX 

3.17121Y7E-01 
3 182 1 I27 E-0 1 
3.1922124E-91 
3.20ai4~9~-01 

3 .223io2a~-01 

3.2082265E-0 1 
3.2 1540 15E-91 

3 2 3 l O Y 0 0  E-0 1 
3 -239937iIE-0 1 
3 -248 1628 E-01 
2.25?8135€-01 
3.2674538E-.3 1 
3 2768324E-3 1 
3 02804924 E-0 1 
3.213389 71 E-5 I 
3. 2881e47 E-o 1 
3 - 29283NE-01 
3 -2978jjL E-'I 1 
3.3016575E-2 1 

3.3069@76E-91 
303082265E-01 
313088S40t-5 1 
3.30966 18E-01 
3.3106033E-51 
3 3 1 14b8 1 E-01 
3.3122567E-01 
3.31 30722 t-01 
3 3 1 3 8 1 25 E-O 1 
3.3143365E-01 
3.3145519E-01 
3.3146935E-C)l 
3.3 146Y44E-31 
3 3143052 2-0 1 
3 3 1391 74E-0 1 

3 3 1202 29 E-3  1 
3.3107300E-01 

3.3071674E-0 1 
3.3549593E-01 
3 3 02 663 3 E-0  1 

3.2970752 E-0 1 
3.2939667E-51 
3 290 53 9 3 E-0  1 

3.305549 1 t-a I 

3.31 313a8~-01 

3.3090501E-01 

3.30008 34E-01 

3d869704E-0 1 

3.2 79 1553E-0 1 
3.274702 3E-0 1 

3 .LE 3ia76~-0 1 

FIG. 

5053.0 
5075.0 
5100.0 
!J125.0 
5150.9 
5175.9 
5200.3 
5 2 2 5 . 3  
5250.0 
52  15.3 
5300.9 
5325.0 
5350.0 
5375 .a 
5405.3 
5425.0  
'~459.0 
3475.0 
5500.0  
5525.0 
5550.i) 
557s .o 
5600.0 
5625.0 
~ 5 5 0 . 0  
5675 -0 
5- JO.0 
5725.0 
5750.0 
5775.0 
%OO.'i 
5 b L 5 . 0  
5950.0 
5875.0 
5900..3 
5925.0 
5950.5 
5975 .a 
hOOO.0  
6025.0 
l # J s d .  3 
6075.0 
blJ010 
6125.0 
t* 1 50 0 
6175.0 
6200.3 

6250.i) 
6275.0 

6225.0 

15. 
(continued ) 

3.ioen32i-03 
3.0889679E-03 
3 .O682i3 3E-03 
3.9459669E-03 
3.32407905-03 

2.9799570t-03 
2.YS86L29E-03 
2. Y 379 1877-03 
2.Y 183361~-03 
2.8994586i-03 
2.8807Y69E-03 
2.8621280E-03 

3.0016L93t-03 

2.a387324c-03 
2.ai54275i-03 
2.7931808C-Oj 
L.7715683E-03 
2.7304434t-03 
2.7286S67t-03 
2.7567964E-03 
2.6840390~-03 
2.6610 172i-03 
2.6378113C-03 
2.6150702E-03 
2.5Y27JQ7r-03 
2. S705945E-03 

2.5270975E-03 
2.5OS7302€-03 
2.4844752t-03 

2.4422692E-03 
2.4214403C-03 
2 .COO594 I t -0  3 
2.3800146E-03 
2.3595965E-03 
2.3388444t-03 

2.2979614t-03 
2.2776341E-03 
2.25734145-03 

2.~486863~-03 

2.4632~35t-a3 

~.3i84oa0~-03 

2.1377366E-03 
2.118 Lb00t-03 
2.098bb79E-03 
2.0791514E-03 

2.1574212e-03 

131 



O I S T R I B U T I B N  E F  FLUX WITH HLCARC T g  hAVE NUMtiER 

LAMdDA 

1.5873 
1.5819 
1.5748 
1.5686 
1.5625 
1.5564 
1.5504 
1.5444 
1.5385 
1.5326 
1 .i267 
1.5209 
1.5152 
1.2094 
1.'1038 
1.4981 
1.4925 
1.4873 
1.6815 

1.4706 
1.4652 
1.4599 
1.4545 
1.4493 
1.4445 
1.4388 
1.4337 

1.4235 
1.4184 
1.4134 
1.4085 
1.4035 
1.3Y86 
1.3937 
1.4889 

1.3793 
1.3746 
1.3699 

1.3605 
1.3554 
1.3514 
1.3468 

1.4760 

1.4286 

1 3841 

1. 5652 

1.3423 
1.3378 
1.3333 

3.2700278E-01 
3.265LEBOE-01 
3.26001165-01 
3.254 51 84 C-0 1 
3.248 98 65  E-0 1 
3.24 36769E-0 1 
3.2372916E-31 
3.231238YE-01 
3.22494 19 E-0 1 
3.21839 C6E-01 
3 -2 1 1  67 14 E-01 

3.1976633t-31 

3.1625733k-Ol 
3.1747762t-01 
3.16697bSE-Ol 
3.15@&351C-01 
3.1505554E-01 
3.1419L79L-01 
3.1333078E-01 
3.1246357i-01 
3.11593 I O E - J 1  
3 .  1067L74i-Vl 
3.097 lM47E-31 
3.38762 14i-01 
3.07813&5&31 
3.0662360:-31 
3. LI561724 Z-91 
3. '347 6291 i-01 

3.02644 1 1  5-0 1 
3.01 54765 E-3 1 
3.5C)42549c-01 
2.99285 15E-01 
2-90 12S23t-01 
2.9695766i-c) 1 
2.9577437i-01 
2.9461b932-31 
2 .  Y 349628 t-01 
2.92 362 19 E-0 1 
2.91 2 1 2 4 7 ~ - 0  1 
2.90OOUb7 E-0  1 
2 -88711 3 8 E - 0 1  
2.8 7 5 9 5 50 E-I1 1 
2.8605725C-01 
2.647 32 14 E-31 
2.834 1731 C-31 
2.8209677E-51 

3.2045841 ~ - 0 1  

3.1902012 L - 0 1  

3.a3737e3t-01 

6330.0 
6325.0 
b350.0 
6375.0 
6400.0 
6425.0 
6450.0 
6475.0 
6500.0 
6525 -0 
h550.0 
b575.0 
6630.0 
h 6 i 5 . 0  
0650.0 
t675.U 
6790.0 
6725.3 
6750.3 
6775.0 
t e 3 o . o  
6623.0 
bd50.0 
6.5'75.0 
6Y00.0 
6925.0 
bY50.0 
6Y75.0 
7000.0 
7025.0 

7U75.0 
7150.0 
!125.0 
7150.3 
7175.0 
1239.0  
.IL 2 5 . 0 
7 L ' J O . G  
1~75.0 
73(10.3 
7325.0 
7350.0 
7375.0 
7400.3 
7425.0 
1450.0 

' I  47 5.0 
7590.5 

7~50.0 

FIG. 15. 
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